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ABSTRACT 

Designed to serve as a means of communication among 
life science educators who anticipate or are currently using 
microcomputers as an educational tool, these four volumes of 
newsletters provide background information and practical suggestions 
on computer use in ovt** 80 articles. Topic areas include: (1) 
teaching physiology and other life sciences by microcomputer; (2) 
enhancing lectures with a microcomputer; (3) simulation of biological 
systems; (4) projecting microcomputer images; (5) optical videodiscs; 
(6) computers in the student laboratory; (7) tutorials in anatomy and 
physiology community college classes; (8) computer-based exam 
construction in microbiology and immunology; (9) interactive video; 
(10) programing languages; (11) input/output design; and (12) 
computer-assisted instruction for health care professionals. Also 
provided are guidelines for the preparation and submission of 
articles to the newsletter, subscription information, indexes for 
each volume, and lists meetings and synopses. **Where's the Software?** 
and '^Keeping Abreast of the Literature** are periodic feature 
articles. (ML) 
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USING THE COMPUTER 

IN THE CLASSROOM—FIRST STEPS 

Harold L Modell 

Viv%miOi Mason Research Center, SeoiiX^, Washington 



Computer-based education, com- 
puter-assisted instruction, and 
computer-assisted evaluation are 
not new terms, and the notion of 
using computers in the classroom 
is not new. However, until rela- 
tively recently, interest in using 
computers in life science teach- 
ing was limited. The deluge of 
video games and low cost micro- 
computers that we have witnessed 
within the past 2 to 3 years has 
rekindled interest in using compu- 
ters as a teaching aid in life science 
settings. 

Unfortunately, the novice ready 
to embark on the adventure of 
bringing the computer into the 
classroom is immediately thrust 
into a seemingly alien world in 
which bits, bytes, and nibbles 
abound, and where the inhabitants 
speak in strange languages con- 



sisting of 3-, 4-, and 5-letter words. 
To become involved, the newcomer 
feels as if he must first make ke}' 
decisions regarding his specific 
computer needs. Hence, he tries to 
consider the merits of various com- 
puter systems, assess memory re- 
quirements, choose language op- 
tions, and deal with other comput- 
er-related variables. In short order, 
he becomes overwhelmed by the 
task of choosing a specific system 
from seemingly endless possibili- 
ties, becomes discouraged, 
and postpones using the computer 
as an instructional aid. 

The problem with the approach 
just outlined is that the starting 
point is the computer store rather 
than the desired educational out- 
come. The first step in preparing a 
computer-based exercise must be to 
answer a number of education- 
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related questions and make key deci- 
sions that will establish guidelines 
for the design of the teaching aid. 
Anyone w' o has prepared lecture 
slides, demonstration materials, or a 
host of other teaching aids is ac- 
quainted with this process. How- 
ever, when designing these mate- 
rials, guidelines are established al- 
most as a matter of habit. The flexi- 
bility that exists when these aids are 
used allows modification of 
guidelines during the actual pre- 
sentation. For example, when de- 
signing slides, it is not difficult to 
arrive at a product that can be put 
into a variety of contexts. In the case 
of computer-based materials, how- 
ever, numerous paths are available 
for program development, but once 
the program is completed, design 
flexibility is essentially lost. Hence, 
to insure that the program has the 
bestchance offulfilling the need for 
which it was intended, a conscious 
effort must be made to address a 
number of issues. 

While the specific areas of con- 
cern may vary from application to 
application, several general ques- 
tions are common to nearly all 
teaching aids. The first of these is, 
"What is the goal of the exercise?" 
Although this question may seem 
obviOuS, it is important to realize 
that the same program skeleton 
used with different input/output 
schemes may produce drastically 
different results depending on the 
educational setting. Consider, for 
example, a simple simulation of a 
physiological system with three 
different goals in mind. In all three 
situations, the model equations and 
solution are identical. In the first 
case, the program will be used in the 
lecture hall. The goal is to provide a 
momentary diversion to regain the 
attention of students whose 
thoughts have drifted away from the 
material at hand. In this case, bells, 
whistles, and any available flashing 
lights would probably be helpful. 
Any substantive message that the 
program has to offer may be over- 



shadowed by the novelty, but the 
goal may be reached. 

In the second case, the setting is 
again the lecture hall, only this 
time, the goal is to provide a means 
of demonstrating the influence of 
one variable on the physiology of 
the system. In this case, a simulated 
strip-chart recorder with an on-line 
trace of one or more parameters may 
be in order. 

In the third case, the program is to 
be used in an independent study 
setting. In this case, no one is avail- 
able to answer questions at the time 
the £*udent interacts with the pro- 
gram. Thus a more well-defined 
output, such as a labeled picture 
showing one aspect of the system 
may best serve to reinforce the stu- 
dent's conceptualization of the 
physiology involved. In each of 
these examples, the goal of the exer- 
cise must be recognized and kept in 
mind during program development 
if the program is to provide a suc- 
cessful educational experience. 

The next important consideration 
is whether or not the computer is 
really the best vehicle to use in 
reaching the desired goal. The edu- 
cational specialist at the computer 
store (salesman) contends that 
"anything that can be done well 
without a computer can be done 
even better with a computer!" This, 
of course, is nonsense, and, in fact, 
very often the computer is not the 
vehicle of choice. 

The computer does two jobs very 
well. It swallows and regurgitates 
information very easily, and it per- 
forms calculations at break-neck 
speed. Two areas in which the 
former capability is especially 
helpful are in the presentation of 
programmed learning material and 
in presenting various types of 
problem sets. The latter capability is 
essential to mathematical simula- 
tions. Consider the following appli- 
cations: 

1. Programmed learning material. 
A programmed textbook may do 



a much better job than the com- 
puter. Books are easier to carry 
and use on the bus, they cost 
considerably less than com- 
puters, and the student can eas- 
ily review isolated portions of a 
book. 

2. Problem sets. Depending on the 
goals of the exercise, alternatives 
are available for presenting 
problem sets. Latent image mate- 
rials produced with a simple 
ditto machine, for example, can 
offer a number of advantages 
over the same exercise on a com- 
puter.^ 

3. Simulations. Alternative options 
also must be explored when 
dealing with simulations A 
physical model, for instance, 
may make the point of the exer- 
cise more vivid than a computer 
model. 

There are instances in all three of 
these areas, however, in which the 
goals of the exercise can best be 
achieved by using a computer, and 
the computer should be the vehicle 
of choice. The point is that alterna- 
tives do exist, and they should be 
explored before deciding to use the 
computer. 

rhe next task, and the one most 
crucial to program development is 
to determine the guidelines that 
will govern development of the 
teaching aid. Final decisions in this 
area depend heavily on the goals of 
the exercise, the setting in which it 
will be used, the background of the 
students using the exercise, and a 
variety of other factors. To illustrate 
how one group approached this 
task, the issues considered by 
Modell et aF while developing a 
set of computer simulations in respi- 
ratory physiology^ will be reviewed. 

The set of programs was intended 
originally to be used in medical 
school and postgraduate education 
settings. The overall goal of the 
series was to provide an active 
learning experience in which stu- 
dents could review respiratory 
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physiology and learn to reason from 
basic facts to general concepts. The 
first questions asked dealt with de- 
veloping the strategy to be used in 
communicating with the student. 
Examples include: Should it be as- 
sumed that the user will be familiar 
with computers? How much 
prompting should the program pro- 
vide? In what form should variables 
be requested? Should theamount of 
oxygen in inspired gas, for instance, 
be requested in terms of partial 
pressure, percent, or gas fraction? 

Guidelines governing the number 
and complexity of the simulations 
used were next addressed. Should 
the series reflect sinjple models at 
the outset and increase in complex- 
ity as the series continued, or 
should more complete models be 
developed initially, resulting in 
fewer components to the series? 

Having dealt with the number 
and complexity of models in the 
series, the next issues focused on 
the latitude allowed by the exercises 
and the form and format of error 
messages. Should the programs be 
fairly limited in scope, or should 
they be able to accommodate the 
student who wishes to extend his 
study beyond the scope of the sug- 
gested procedure? How should 
input values outside physiolog- 
ical limits or physiologically 
inconsistent be handled? Should 
error messages serve as a basis for an 
additional learning experience? 

The specific output format was 
also addressed with respect to tlie 
overall goals. What form should the 



output take? Is a table of numbers 
the best format, or is some other 
format preferable? What should the 
output include? Should the ex- 
perimental conditions defined by 
the student be repeated as part of the 
output? How should units be han- 
dled? 

The final issues addressed dealt 
with the documentation provided 
with the computer programs. What 
form should the documentation 
take? Should the procedures be pre- 
sented by the computer, or should 
they be piovided in a separate doc- 
ument? What information should be 
included? How much direction 
should the document provide for 
the student? 

The process just outlined may 
seem like a time-consuming effort, 
and one might ask whether the re- 
turn is worth the effort The series of 
programs developed byModelletal 
was first distributed in 1975 and 
was provided primarily to the medi- 
cal school population. The pro- 
grams are still in use in a variety of 
institutions serving student popu- 
lations ranging from pulmonary 
function laboratory technicians and 
undergraduate physiology students 
to fellows and residents in pulmo- 
nary medicine and anesthesiology. 

Itis evident thatbyans\vering edu- 
cation-related questions such as 
those enumerated above, specific 
hardware requirements are often 
defined. In the microcomputer 
world, similar questions might also 
include use of graphics,"* and the 
answers to these questions would 



further define hardware limitations. 
Hence, by focusing first on the edu- 
r clonal experience, the novice can 
avoid the task of becoming involved 
with a plethora of computer issues 
that are extraneous to his educa- 
tional goals. 

An outline of the initial steps that 
one must take when incorporating 
computers in life science education 
has been presented. When prepar- 
ing teaching aids that involve com- 
puters, it is extremely important to 
keep in mind the educational goals, 
the setting in which the program 
will be used, and the level of 
sophistication of the audience using 
the program. If this is not done, the 
exercise will most likely lead to 
confusion, and the message that one 
(.onvcys Ifj ihti .siudnnt tuny be very 
tltfUtnuil fiofn ihrti whi<;h wh.s in- 
tended. 
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TEACHING PHYSIOLOGY 

BY MICROCOMPUTER 

IN SMALL GROUP CONFERENCES 

Byron A. Schottelius 

Department of Physiology and Biophycics, University of Iowa 
Iowa City, Iowa 



Inflation, curricular changes, and 
greater student enrollments in- 
creasingly influence the adoption of 
cost-effective and time-efficient 
methods of presenting physiologi- 
cal concepts to health science stu- 
dents. Cost containment is essen- 
tial, because teaching budgets gen- 
erally have not maintained parity 
with expenses. Often there has been 
a concomitant reduction in the 
number of scheduled laboratory 
exercises. This has limited the op- 
portunity for students to examine a 
gamut of phj'siological pi enomena 
directly. Furthermore, this peda- 
gogical dilemma, in instances, 
has been compounded by curricular 
crowding that has preempted seme of 
the time previously assigned to lab- 
oratory courses. Enrollment in- 
creases tend to encourage the en- 
largement of laboratory course sec- 
tions beyond optimal limits. 

Computer simulations of physi- 
ological phenomena can supple- 
ment or replace some laboratory 
learning experiences for health sci- 
ence students. A good computer 
simulation, being dynamic, shows 
how bodily systems react and inter- 
relate with better learner-media 
interaction than that provided by 
movies and much be.ter than that 
afforded by books, ^vrith their 
built-in constraint of static illustra- 
tions. Moreove' , computer simula- 
tions can even enhance the lea'^ning 
experience because they permit the 
introduction of new and complex 
experiments that exceed the stu- 
denVi> manual dexterity or technical 
expertise (or where the subjects are 
available only in a clinical envi- 
ronment, ie, patients); they require 
the student to understand the as- 



sumptions used in the simulation 
and thereby help develop critical 
reasoning; they are completed in a 
reasonable time span, which im- 
proves student attentiveness; they 
offer the opportunity to see phe- 
nomena, which might occur in real 
time very slowly or extremely 
rapidly, within a reasonable time 
span; and they are infinitely repeat- 
abie, which increases the student's 
satisfaction (nothing succeeds like 
success, and hands-on experiments 
do fail for lack of experience). Fi- 
nally, the repetition tolerated by the 
computer can offer the instructor 
greater assurance that the student 
has had sufficient exposure to com- 
prehend the basic mechanisms in- 
herent in the phenomenon being 
simulated. 

Recognizing the problem and its 
potential solution, as described 
above, our department introduced 
computer simulations into two 
major service courses — an aggre- 
gate enrollment of nearly 300 — on a 
limited basis during the spring 
semester of 1981. Because of the 
immediate availability of software 
and because of its graphics resolu- 
tion, the Apple 11+ microcomputer 
was selected for use. Acquisition of 
hardware in quantities sufficient for 
direct use by all students was not 
feasible. Therefore, a conference- 
demonstration instructional format 
was adopted. For this, a micro- 
computer flanked by two 30-inch 
color monitors is mounted on a 
cart that cm be moved easily to the 
site of the scheduled conference. 
Customarily these sessions are con- 
ducted for groups of 15-28 stu- 
dents. With groups of this size, all 
individuals have acceptable visual 



access to the monitor displays and 
there is opportunity for adequate in- 
structor-student interaction. 

Some excellent computer simu- 
lations of physiological phenomena 
are available, principally by ex- 
change between institutions, de- 
partments, and individuals. my 
of these have appeared in various 
issues of The Physiology Teacher, a 
publication of the American Physi- 
ological Society. Our departmental 
learning resources facility now in- 
cludes over 30 tested, quality 
simulation programs either ob- 
tained from other institutions or de- 
veloped locally. The goal in each 
simulation is to emphasize that 
physiology is a quantitative science 
and that physiological functions are 
to be comprehended as a series of 
interacting, time-dependent pro- 
cesses. In most cases, the programs 
obtained elsewhere have been re- 
vised to incorporate more anima- 
tion and graphics and especially to 
exploit the advantages of color 
presentations — color seems to be 
important to a generation of stu- 
dents maturing in an era of color 
television. 

Our simulations benefit a large 
student population, ie, medical, 
dental, pharmacy, physician's as- 
sistant, nursing, physical therapy, 
and graduate students. Whereas the 
core of physiological knowledge is 
an essential element in the training 
of all of these student groups, we 
tailor our simulations for essentially 
three levels of student attainment. 
For the lower level, fewer options in 
parameter selection (eg, a fixed 
rather than variable total lung vol- 
umes) are offered in a given simula- 
tion. Where feasible, lower level 
programs incorporate more ani- 
mated graphics to depict a concept 
more readily described to upper 
level students by a mathematical 
model. 

When computer simulations are 
used in teaching, our students have 
in their possession a handout that 
states the objectives of the simula- 
tion, the minimum protocols (stu- 
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dents are encouraged to suggest 
others in class), a format for data 
collection, and a number of ques- 
tions for study. Usually, baseline 
graphs of normal data also are pro- 
vided. These are in a format large 
enough to enable the student to add 
exporimental data as it is accumu- 
lated. Two conference exercises will 
be described in more detail in order 
to clarify the relationship of the 
handout to the simulation. 

From a menu of neurophysiology 
programs, the Hodgkin-Huxley 
squid axon simulation, adapted 
from the original program written 
by Randall,! is most often chosen for 
class presentation. The "title page" 
of this simulation includes an ani- 
mation that attempts to depict in 
three dimensional perspective the 
propagation of an action potential 
along an axon. It serves its purpose 
if it helps the student appreciate the 
three-dimensional nature of the 
nerve impulse. The handout offers 
as student objectives the need 
to be able to accomphish the follow- 
ing: 

1. to define the concepts of con- 
ductance, depolarization, re- 
polarization, accommodation, 
threshold, summation, re- 
fractoriness, and voltage 
clamping; 

2. to distinguish activation of 
gNa"^ from inactivation of gNa^; 

3. to understand the interplay of 
sodium conductance and potas- 
sium conductance in the genera- 
tion of an action potential; 

4. to construct a strength- duration 
curve; 

5. to explain the '•ole of gNa" 
and gK^ in relVactoiiness; 

6. to recognize the effects of block- 
ing Na^ or K" chanuels, as well 
as the effect of changing (Na^),,. 

A short introduction in the hand- 
out describes the studies of Hodgkin 
and Huxley and includes illustra- 
tions of a voltage clamp system, a 
typical ionic current record, and a 
hypothetical Na ^ channel v^ith as- 



sociated "gates'*. The computer 
simulation permits 'experiments" to 
be performed by altering the resting 
potential and the amplitude and du- 
ration of applied stimuli. The com- 
puter generates membrane potential 
and conductance data in tabular and 
graphic formats. The first experi- 
ment demonstrates voltage clamp- 
ing. In this, either the holding (rest- 
ing) potential or the test potential 
is held constant while the other is 
changed in a step-wise fashion. 
Graphs of sodium and potassium 
conductance are followed on the 
monitor screen for a 10-msec time 
span that occupies 30 sec in real 
time. Subsequent experiments on 
threshold, strength-duration re- 
lationship, accommodation, sum- 
mation, and refractoriness are all 
briefly described in the handout, and 
appropriate blank data tables are 
provided. When required, these ex- 
periments are illustrated by 
printer-generated jopies of the high 
resolution graphics appearing on 
the monitor screen. A modification 
of the original Randall program 
permits the instructor to simulate 
the application of tetrodotoxin or 
tetraethylammonium to the axon in 
order to block Na or K'^ channels, 
respectively. 

Simulations of cardiovascular 
phenomena that are frequently used 
in teaching include a pulse pressure 
model and a baroreceptor reflex 
model, both dealing with blood 
pressure changes. These programs 
are also revisions of programs origi- 
nally created by Randall. ^ The stu- 
dent objectiv es are to gain an appre- 
ciation of the manner in which arte- 
rial pressure and pulsations are in- 
fluenced by mechanical factors 
(such as heart rate, duration of sys- 
tole, and vascular compliance and 
resistance), and to understand bow 
stability of this pressure is main- 
tained by the baioreceptor reftex 
when such mechanical factors as 
gravity and blood volume are al- 
tered. 

Mechanical analogs of the pulse 
pressure and baroreceptor models 



constitute illustrations in the intro- 
ductory material of the handout. 
These analogs are repeated on the 
"title pages" of the simulations in the 
fc.m of animations. The animated 
pulse pressure analog shows a 
moving piston, changing volumes 
of an outlet vessel, valvular actions, 
and the effects of alterations in 
compliance and resistance upon 
volume rate of flow. In the 
baroreceptor reflex model, the ani- 
mation includes a centrifugal 
pump, variable volume arteries and 
veins, syringe input to the system 
for producing volume changes, as 
wei.1 as manometer measurements 
of filling and carotid pressures. The 
pulse pressure simulation requires 
student input of values for heart 
rate, duration of systole, stroke 
volume, aortic compliance, periph- 
eral resistance, and initial diastolic 
pressure. From this data, the com- 
puter generates a graphic display of 
blood pressure and ventricular 
ejection volume at 0.02-sec inter- 
vals for a period of 5 sec. Tabular 
data of cardiac output and tJie sj'o- 
tolic and diastolic pressures are also 
available on the monitor screen. 
With this model, the instructor 
demonstrates the effects of exercise, 
hypertension, arterial hardening, 
hypovolemic shock (plus compen- 
sation), and anaphylactic shock 
(plus compensation) by appropriate 
manipulation of the variable pa- 
rameters. A table for dati collection 
appears in the handout. The 
baroreceptor reflex simulation re- 
quires input of values for total blood 
volume and arterial-caroid pres- 
sure drop. Computer output is a 
table displaying values for arterial 
pressure, carotid pressure, cardiac 
output, relative sympathetic ac- 
tivity ( X normal) and cardiac filling 
pressure under normal, open loop 
(no baroreceptor reflex) and closed 
loop (compensated) conditions. 
These data are entered into a table in 
the handout fo.' experiments in- 
volving the erect position, assump- 
tion of the sitting and reclining po 
sitions, a 3-G pull-out from a dive, 
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and the head down (inverted 
standing) position. Each of these 
conditions is studied with and 
without a superimposed hangover 
and in open and closed loop modes. 
Whereas the inclusion of a 3-G 
pull-LJt and hangovers is some- 
what theatrical, the results are im- 
pressive, readily comprehended, 
and well-retained by the student. 

In addition to the examples of 
simulations described above, res- 
piratory, renal, fluid balance, 
acid-base balance, endocrine, bile 
regulation, muscle, and synapse 
simulations are available to in- 
structors for conference- demon- 
strations. Other simulations are 
being developed by interested aim 
quali^^ed departmental faculty as 
time allows. Initial student evalua- 
tions of tliis pedagogical approach, 
although subjective, have been fa- 
vorable. Even though logistics at 
this time require that the simula- 
tions be performed as demon- 
strations, we make a sincere effort to 
accommodate in nonclass hours any 
student requesting hands-on expe- 
rience with any, or all, of these 
simulations. Intensely motivated 
students have been gaining such 
experience. Our goal is to outfit a 
microcomputer laboratory where all 
students would be rotated through 
selected simulations on an individ- 
ual basis. Meanvv'/.le, a more im- 
mediate goal is to make the evalua- 
tion of microcomputer teaching 
more objective. To do so, we will 
shortly introduce criterion ref- 
erencing evaluation, ie, students 
will be pretested and posttested 
over specific objectives that they 
have been previously provided. 

The foregoing paragraphs indi- 
cate the expanding interest in the 
use of microcomputer simulations 
for teaching among faculty in this 
department. At this time it is attrac- 
tive to use microcomputers to alle- 
viate cost 3nd time constraints. As 
computer literacy among students 
increases and medical technology 
advances, such use may become 
mandatory. 2 
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A computer lesson deals with a 
well-defined circumscribed topic. It 
is a series of questions, each with a 
set of conditional responses. It is 
interactive; each answer provided 
by the student elicits the response 
that will most appropriately assist 
him in mastering the material under 
ccnsideration. By being interactive, 
the computer lesson should, and 
generally does, involve the student 
more actively than does note-taking 
in a lecture hall or page-turning 
while reading a text. In our view, 
computer lessons should not be 
used as the vehicle for initial learn- 
ing of material, but rather, should be 
used as a means for self-assessment, 
remediation, or reinforcement. 

Given the specialcapabilities and 
limitations of computers, we think 
that computer lessons are not the 
most effective or efficient way of 
initially presenting course content.. 
Textbooks are far better for that. The 
printed page and text figures have 
higher resolution than the output of 
a CRT or a plasma screen. Many 
people can read a text faster than a 
screen, and in reading a text, stu- 
dents may take as little or as much 
time to digest the content as they 
need or want. Furthermore, the 
number of computers orterminals is 
usually limited, as is the time avail- 
able for their use. One may read a 
text in a dormitory room, at the 
dining room table, or out under the 
old appletree,but computer lessons 
must be done sitting at a terminal. 
Most often today, the computers or 
terminals are owned by the educa- 
tional institution and are housed in 
a "sheltered** environment. This may 



2. Tidball CS, Shelesnyak MC (eds): 
I'rontiers in the teaching of physiol- 
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provide a benefit in that, with few 
distractions, the student's attention 
may be more completely captured, 
and this may result in more effective 
learning. Although some of the 
availability limitations of compu- 
ters may disappear with increas- 
ing personal ownership of such 
equipment, computers (and, there- 
fore, computer lessons) will never 
be able to compete with textbooks 
in portability, resistance to injury 
through physical misuse, and ease 
of accessibility on a bookshelf. 

Computer lessons consist of a 
limited amount of text and a senes 
of questions that are put to the stu- 
dents. Lessons also ir.clude a set of 
responses that are designed to 
reinforce and correct the students' 
knowledge and performance base. 
Some of the questions may simply 
challenge the students' memory. 
However, ihis should be a small part 
of a lesson. A good lesson will de- 
termine what facts a student knows 
by posing problems that may be 
solved only if the student user has 
an adequate command of the facts. 

Problems may be quantitative. To 
solve them, the student must know 
the mathematical relationship(s) 
between variables and possibly the 
normal values of some of them. He 
must then be able to correctly cal- 
culate the value of the desired pa- 
rameter, given some defined condi- 
tions. Students should also be able 
to solve qualitat ive problems. In this 
case, either an exact mathematical 
relationship is not known or does 
not exist. Instead, an understanding 
of the causal relationship between 
parameters is required along with 
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an ability to reason. Instead of 
generating numerical answers, stu- 
dents are asked to predict the direc- 
tion in which parameters ch.'^'^ge. 
stemming from the condition^ ..i 
tlie problem. 

A computer lesson may direct 
students through a complex ques- 
tion or a series of questions provid- 
ing immediate feedback appropri- 
ate to the entnes as they are made, or 
the program may allow a number of 
entries to be made before respond- 
ing. However, all lessons should be 
interactive in some manner and 
should respond to most, if not all of 
the student's input. In any case, the 
feedback is selected from the avail- 
able responses in the program on 
the basis of a student's answer lo the 
question. Hence, all interactions ^re 
specifically tailored to each student 
user. 

When a student responds cor- 
rectly, the program may reinforce 
thi'^ by noting that the answer is cor- 
rect and explaining why. In this 
way, if the student answered cor- 
rectly but for the wrong reason, that 
hidden error may be corrected and 
the student steered to the right path . 

When a student responds incor- 
rectly, he must be informed of his 
error and led to or given the correct 
answer. The response to an initial 
error may be to provide a hint or to 
define the problem or situation in 
different terms. If this does not tielp, 
the second response to an incorrect 
answer should be more specific, 
giving more direct information like 
the method for calculating the value 
requested or a statement of the re- 
lationship between the elements 
being reviewed. However, at this 
point the correct answer may be 
provided if the teacher-author de- 
sires. In most cases, students should 
not be allov/ed to give a wrong an- 
swer more than three times without 
receiving a complete explanation of 
the problem. Carrying the interac- 
tion beyond that point is likely to 
discourage further interest, gener- 
ate frustration and compound the 
student's confusion. 



After following the steps de- 
scribed above, tne lesson should 
provide another opportunity for the 
student to demonstrate that he now 
understands the relationships that 
were reviewed in the previous in- 
teraction. If the student stMl cannot 
do so, a text or other reference 
source should be recommendea, 
and the student should be advised 
to review this area. The student 
might be requested to terminate the 
lesson at this time in order to do the 
review. However, the student might 
be allowed to coniplete the lesson, 
do the review later, and then retry 
this lesson or a similar one. This 
decision should be based upon the 
likelihood that the student can ade- 
quately complete the lesson with 
the knowledge deficit that has been 
uncovered. 

Students' cooperation and inter- 
est in using computer lessons de- 
pends in considerable measure on 
factors that are extraneous to the in- 
herent accuracy and potential use- 
fulness of the lesson. Like a boring 
lecturer v*'ith a well -written lecture, 
the best-written lesson loses its ef- 
fectiveness if il does not hold the 
students' interest. One needs to put 
variety into the user-program in- 
teracti'in. For example, all of the 
questions or answers should not be 
in the same format. Because; ex- 
change ii, limited to multiple-choice 
questioning {in all of its manifesta 
tions). numbers, single- word, or at 
best short-answers entries (one can 
go beyond this only in the most 
sophisticated systems), the lesson 
designer should try to mix these up 
as much as possible. Often, some- 
thing as small as changing the 
method of entering an answer pro- 
vides enough variety to help keep 
students' interest. 

Another way to a.iimate lessons is 
to exploit the almost limitless 
graphic capabilities of the com- 
puter. Even simple graphic displays 
add a great deal of variety toa lesson 
and spark much student interest. 
More extensive (but still easily man- 
aged) graphics may also greatly ease 



the task of making difficult material 
intelligible. 

A final suggestion about lesson 
design is to include an exercise at 
the end of each unit that ties to- 
gether as many of the lesson's facts 
and concepts as possible. A large- 
scale problem or situation that re- 
quires such application will permit 
the student to determine whether 
the content has been learned. Any 
errors made at this point may be de- 
signed to trigger specific recom- 
mendations for review and study. A 
good performance should evoke 
congratulatory messages for a job 
well done. 

When a student completes a les- 
son, the program may suggest other 
instructional material that seems 
appropriate depending upon that 
student's performance on all or part 
of the lesson . In order to make study 
recommendations that are tailored 
to the student's performance, it is 
necessary to monitor the student's 
progress through the lesson. This, of 
course, may be done solely to make 
such study suggestions, or it may be 
done as all or part of evaluating the 
student's competence in an entire 
course or curriculum. Furthermore, 
thiscouldbean informal evaluation 
or could be part of the official grad- 
ing procedure. 

In summary, a well-written com- 
puttr lesson challenges students lo 
apply previously learned facts and 
concepts to the solution of prob- 
lems, thus showing students what 
they know and what they need to 
learn. The lesson captures the stu- 
dent's interest by being interactive, 
by using a wide variety of ques- 
tioning and answering modes, and 
b> exploiting the graphics capacity 
of the computer. It is tailored to each 
student by individually responding 
to specific entries and by using an 
entry-directed branching design. 
Computer lessons also provide 
potential assessement of each stu- 
dent's progress and of the course'i> 
success at meeting its objeclive. 
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ENHANCING LECTURES 
WITH A MICROCOMPUTER 



Terry M. Mikiten 
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Center, San Antonio, Texas 



Teachers are always on the lookout 
for innovative ways to present com- 
plex ideas in a lucid way. The mi- 
crocomputer has been seen as a pos- 
sible tool for classroom use. The 
general availability of microcom- 
puters, their moderate cost, ease 
of control, and graphics capa- 
bility suggest that the microcom- 
puter can be an effective and dy- 
namic tool in teaching. 

What follows is a description of a 
test of this idea. It is a distillation of 
my experiences using microcom- 
puters in teaching cellular neuro- 
physiology and neuroscience, 
two fields in which complex ideas 
and graphics are encountered fre- 
quently. This twp-year project has 
shown that a microcomputer in the 



classroom can be a very effective 
tool and can, for the most part, live 
up to one's expectations about i*s 
potential. This discussion will 
also show some of the thinking 
that went behind a more ambi- 
tious endeavor: The Neuroscience 
Software Project (NSP), an ex- 
periment on the delivery of educa- 
tional materials for medical stu- 
dents and graduate students in the 
biomedical sciences. 

PROJECT DESCRIPTION 

The aim of the project Wds to pro- 
vide effective educational software 
to both students and teachers. Mate- 
rials created for teaching were de- 
signed for use in the lecture setting. 
Other software was created for use 
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by the student without the partici- 
pation of a teacher. This was in the 
form of tutorials, reviews, and even 
subject-oriented games. Whenever 
software was used in the classroom, 
the programs were made available 
to students after class. In all cases, 
the programs were accompanied by 
written materials that prov> .3d ad- 
ditional information about the sub- 
ject matter. Microcomputers were 
made available in the Medical 
School Library'sTeaching/Learning 
Center. Some of the software created 
in the project was used v/ith an 
interactive video system (RAVE). 
The Apple II microcomputer, be- 
cause of its moderate cost and 
graphics capability, was used 
throughout. 

An important aspect of the 
Neuroscience Software Project was 
a system for recording use of 
software by students and others. 
Some of the results of a year-long 
study have been published.^ 

Software v/ritten for use by the 
teacher in the classroom was one 
important focus of the project. In 
gercral, programs were created to 
allow the teacher to use an Apple 
computer as a display device during 
a lecture. In a typical session, a 
teacher raight take the Apple into 
theclassroom, connect it to a cluster 
of television sets, and then begin to 
lecture in a conventional manner. 
Blackboard, chalk, overheads, and 
any other devices necessary to con- 
duct a lecture would be used in the 
usual way. However, at one or more 
points in the lecture, the micro- 
computer display would be acti- 
vated, and the teacher would use 
it to convey information. 

Using the microcomputer in this 
way caused interesting reactions 
from the students. Some were ex- 
pected, and some were not. Some of 
these were problematic at the outset 
but were resolved as additional ex- 
perience was gained with different 
student groups. What follows is a 
description of these problems, 
along with the solutions that have 



been found effective. They are of- 
fered with the hope that the teacher 
who contemplates this approach for 
the first time will find some of these 
observations useful. Of course, the 
reaction" we encountered were a 
function of the teacher and the stu- 
dent group. For this reason, teach- 
ing experiences in another educa- 
tional environment could be sig 
nificantly different. 

PROBLEMS AND SOLUTIONS 
It was clear in the earliest test 
lectures that it was important to be 
sensitive to the physical presence of 
the microcomputer at the front of 
the lecture hall. This was especially 
true with student groups that had 
not been exposed to this teaching 
technique before. Use of the com- 
puter was a departure from routine 
teaching methods and so was a 
source of anxiety for a surpiising 
number of students. 

Several rules quickly emerged 
from these initial experiences. First 
it was important to describe the 
equipment for those who had never 
fieen it before. When teaching large 
classes, it was best to repeat this de- 
scription at several lectures. Once 
the class became accustomed to the 
equipment, it ceased to be a novelty 
and a source of distracting conver- 
sations. Second, at the outset of a 
lecture it was helpful to explain 
what role the microcomputer would 
have. This helped the serious stu- 
dents and compulsive notetakers 
who were skilled in documenting 
the words of a teacher but were 
anxious about taking notes from a 
computer display. This problem 
also was minimized by the general 
NSP policy: any program shown 
during a lecture would be available 
for use in the ' brary after the lec- 
ture. 

Finally it was important to pre- 
pare the students for what they were 
about to see on the video display. 
Here it was useful to sketch the up- 
coming computer picture on the 
blackboard. An equally effective 



technique was to use an overhead 
tiaiK'^parency that showed a hard 
copy Df the actual display to be seen. 
A u3scription of each component in 
the picture and an explanation of its 
re>dvance to the subject matter made 
it easier for students to interpret the 
computer image. When hard copy 
versions of the displays were avail- 
able, they made useful handouts. 

The duration of a computer dem- 
onstration was not an important 
determinant of its effectiveness as a 
teaching tool. Brief demonstrations 
lasting a minute or two were easiest 
to program and integrate into a lec- 
ture. The computer was used as a 
teaching tool in an intermittent 
way, much as the use of projected 
slides is interspersed with verbfJ 
lecturing. Used correctly, the slide 
projector is an almost invisible 
agent. All that is seen is th<? concept 
it conveys onto Lie screen. So it was 
with the proper use of a micro- 
computer. When the students' 
attention was diverted away from 
the subject matter of the lecture and 
the technology became visible, 
communication suffered. Just as the 
flow of a lecture is impeded when a 
slide projector malfunctions, the 
learning experience suffered when 
it was necessary for the lecturer to 
display a diskette catalog or direc- 
tory listing in order to run a pro- 
gram. The process was confusing to 
students who were not familiar with 
computer operation, and it certainly 
damaged the illusion of control that 
thp lecturer strives to maintain. All 
possible steps must be taken to 
avoid the intrusion of technology 
into the lecture. Computer technical 
information should never appear on 
the teaching screen. 

One solution to ;he problem of 
control during a lecture was to 
create a program that operated 
during the course of a lecture, ready 
to respond to the teacher's needs as 
the lecture piogressed. This system 
worked well provided there was a 
way to minimize the possibility of a 
wrong command being sent to the 
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waiting program. In one program, 
the instructor would press only one 
key to cause the desired display to 
be shown. Several displays were 
held in the computer's memory and 
the appropriate one called forth, 
depending on the needs of the lec- 
ture. To ensure that the correct dis- 
play was shown, a nearby sheet of 
paper listed the available options. 
The prospect of typing errors was 
minimized by providing big target*" 
on the keyboard — the space bar, foi 
example, rather than a specific letter 
key. This idea of target size was 
particularly important after doing 
many large-scale chalk drawings on 
the board. Moving to keyboard- 
sized hand motions is a change of 
scale fraught with possibilities for 
error, particularly if the transition is 
a quick one. 

FOCUSING LKCTURES 
ON SIMULATIONS 
Apart from using the micro- 
computer as a device for aug- 
menting a lecture presentation, it is 
also possible to create a lecture 
around a microcomputer display. 
Computer simulations of physio- 
logical processes, for example, 
might fill an entire lecture hour. 

Some of the longer sessions using 
the microcomputer involved ex- 
tended discussions of nerve mem- 



Biological simulation in this article 
will be constrained to mean taking 
the mathematical equations that de- 
scribe some biological process and 
repeatedly solving them witli the 
aid of a digital computer. The so- 



brane models. One particularly 
useful simulation was published by 
RandalF on the Hodgkin-Huxley 
nerve membrane model. The screen 
display portion of the program was 
simplified for ease of vievring at 
long distances and v;as used as the 
focus for several large discussion 
groups. At the beginning of the ses- 
sion, the students were told they 
would be dealing with an experi- 
ment invol/ing a squid axon. They 
were asked to choose the experi- 
ment to be performed as well as the 
numerical values of stimulating pa- 
rameters, such as duration and in- 
tensity. 

Some of the students* positive 
reactions to this activity undoubt- 
edly can be attributed to the novelty 
of the situation. To test this idea, 
several sessions were conducted 
open-ended reviews. After the third 
or fourth hour in such an extended 
demonstration, it became clear that 
more than novelty was involved; 
rather, the students were engrossed 
in the subject mat ?r. These ex- 
tended sessions served as excellent 
reviews and provided a vehicle for 
discussing new phenomena that 
surfaced during the operation of the 
simulation. 

Theae extended sessions also re- 
vealed an interesting and surprising 
classroom phenomenon. It was the 



hitions are predictions of how the 
biological process will respond to 
various perturbations or stimuli. 
For instance, we might use a math- 
ematical model of the control of 
renin secretion by the kidney to 



appearance of a rare sense of com- 
radery between the lecturer and the 
students. When we had a micro- 
computer as an intermediary, the 
feeling developed that this was a 
natural way for students and teacher 
to work together. The goal was to 
solve the problems presented by the 
computer simulation. In a sense, the 
conunon adversary became the 
computer. Students reported that 
the experience was useful because it 
afforded them the opportunity to 
witness first-hand the problem- 
solving approaches used by the in- 
structor. The establishment of an 
intimate contact between our col- 
lective minds in the classroom was 
one of the most satisfying teaching 
experiences I have had. 

In summary, the microcomputer 
can be an effective teaching tool in 
the classroom. With care taken in 
the preparation and presentation of 
the displays, the experience can be 
rewarding to students and teachers 
alike. 
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simulate the influences of arterial 
pressure, renal blood flow, and 
sympathetic nervous activity on 
renin levels in the circulation. 

The question is: what should we 
expect from such activity? This 
might be a very appropriate time to 
expect a lot— a time to foster high 
exppctations and a time to offer se- 
vere criticisms if there are apparent 
shortcomings. 

Certainly, the availability of com- 
puter hardware is changing. More 
and more small digital computers 
(microcomputers) are becoming 
available to the academic commu- 
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nity. This is partly due to attrac- 
tively low prices and partly due to 
the fact that many research and 
teaching activities other than 
simulation justify the acquisition of 
such hardware. Academic com- 
puting has traditicnally used large 
digital computers and coni "'^/.ed 
resources; ' couiputers o ^er 
some sharp ilrasts to traditional 
activity— in both the type of appli- 
cation and the style of use. SmaM 
computers have transformed digital 
computing into a very personal ac- 
tivity: one person, one operating 
system, one program, one com- 
puter. The manufacture of thou- 
sands and thousands of identi- 
cal computers has encouraged pro- 
grammers to agonize over even the 
most minor software shortcomings, 
anticipating that the software will 
be duplicated in quantity. As one 
person running one program on one 
computer, the user has come to ex- 
pect friendly, pleasant screen for- 
matting and responsive, error- 
tolerant input and output; this is 
particularly true in word process- 
ing, spreadsheet programs, and 
other popular general-purpose 
software for home and business. 
The user has come to expect imagi- 
native use of graphics where appro- 
priate. The user has come to expect 
rapid responses — and this means 
that the underlying algorithms ait 
often gelling the maximum re- 
sponse from a relatively small, rela- 
tively slow computer. A generally 
high level of software quality con- 
tinues to set the standard for further 
software development. Software for 
simulation will be judged -ccord- 
ingly, even though such software 
may not be distributed in large 
quantities and even though small 
computers may not be wholly ap- 
propriate for the computationally 
intense algorithms usually needed 
in simulation. 

SIMULATION TOOLS 

The scope of simulation has al- 
ways been constrained' by the tools 



at hand and the skills of the 
craftsmen wielding these tools. Be- 
fore the advent of the computer, 
equations were repeatedly sim- 
plified by applying one approxi- 
mation a^ter another until a g( n- 
erai solution could be obtained— 
such models, of course, were 
always in danger of being too 
elementary to be relevant. Skills in 
classical calculus were required as 
v/ell as skills in evaluating the \ n- 
pact of simplifying assumptions. 
The advent of the electronic analog 
computer allowed us to obtain spe- 
cific solutions to more complex sets 
of equations. A significant time in- 
vestment was required to translate 
mathematical relationships into 
electrical wiring diagrams; 
equations had to be scaled in terms 
of time and amplituc to match the 
electrical characteristics of the 
analog computer. Any mistakes at 
all in translation would generally 
invalidate the solution. 

The invention of the digital com- 
puter was prompted in part by the 
need to solve nonlinear differential 
equations as quickly and accurately 
as possible. Numerical integration 
algorithms replaced electronic in- 
tegration. The digital computer 
allowed us to obtain specific so- 
luli ons to mathematical models that 
were possibly one or two orders of 
magnitude more complex than pre- 
ceding models. Hcwever, large 
amounts of computer meniory and 
large blocks of computer time were 
often required. This was an expen- 
sive proposition and it mainly at- 
tracted commercial or government 
applications. Academic environ- 
ments oftfcii had neither the re- 
quired hardware nor the required 
funds. Simulation using large, 
mainframe computers used high- 
level programming languages and 
special software packages. Such 
simulation also made full use of 
large computers* ability to do float- 
ing point arithmetic at high speed, 
ie, rapidly multiplying and divid- 
ing decimal numbers. Simulation 
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was a tool of only the elite before the 
advent of the small computer. 

Microcomputers have been in 
existence for about a decade and are 
continuing to evolve. The trend 
continues to even cheaper ma- 
chines, even larger memories, and 
even greater intrinsic speed. Any 
evaluation of these machines as 
potential simulation tools remains 
tentative because offering critical 
comments is like shooting at a 
moving target. Nevertheless, there 
are inexpensive microcomputers in 
existence today that appear to have 
the computational power of many 
mainframe computers of two dec- 
ades ago. This may be more lan 
adequate for many applications — 
particularly in teaching. Further 
advances in the performance-price 
ratio will make small machines 
even more attractive. 

Simulation's requisite tools may 
become available lo virtually all of 
the research and teaching commu- 
nity over the next few years. One 
might conclude that simulation will 
no longer be restricted to the elite 
but will instead become a common- 
place activity in both laboratories 
and classrooms. One might also 
note, however, that there are many 
problems often associated with 
simulation that could be magnified 
by the proliferation of potentially 
useful computers. Who will build 
these various biological models — 
especially models to be dissemi- 
nated and used in teaching? Will 
there be a large enough number of 
identical or compatible computers 
in service to attract the best profes- 
sional programmers? What will 
these programmers offer? Will they 
build new models or design support 
software? Will this support software 
cope with the intricacies of numeri- 
cal methods in such a way that a 
biologist — in contrast to an applied 
mathematician — can produce use- 
ful mathematical models? Will 
rules emerge for validating models 
intended fo*- wide dissemination? 
Will one class of models emerge to 
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be used solely for research purposes 
while a totally different class of 
models will come into being for 
teaching and demonstration? Are 
there inherent differences between 
such classes of models? There are 
no sure answers to these ques- 
tions, of course, but some insight 
might be gained from further 
analyzing exactly what a model is. 

A MODEL IS A HYPOTHESIS 

Let's assume that the future will 
bring us user-friendly, professional 
software that makes very efficient 
use of high performance/price 
hardware. Simulation should in- 
crease in popularity, and there are 
many benefits to be gained in both 
research and teaching from the 
proper, imaginative use of mathe- 
matical models. What are the most 
important considerations? Ease of 
use, speed, and economy are im- 
portant, of course, but there is one 
consideration that is even more im- 
portant. If didactic simulation is to 
flourish , we must be given complete 
information on the internal 
structure of every model. The ra- 
tionale is as follows: a mathematical 
model is only a hypothesis, and, as 
such, it is open to evaluation and 
criticism. Hypotheses are usually 
formulated and communicated ver- 
bally, but this is not absolutely 
necessary. In many instances the 
verbal description is less than ideal: 
additional precision might be 
needed, the hypothesis may be 
rather coriplex, or, possibly, the 
hypothesis has some aspects iiat 
just aren't suitable for verbal pres- 
entation such as a description of 
simultaneous events. In these cases, 
a mathematical description is used, 
and the exploration of the conse- 
quences of such a description is, in 
fact, simulation. 

Some hypotheses have a very 
simple stracture — possibly a single 
sentence. But complex phenomena 
often require complex hypotheses. 
As complexity increases— ie, as 



models become larger — the hypoth- 
esis can become a rich mixture of 
generally accepted fact and unes- 
tablished speculation. The latter is 
the personal viewpoint of the model 
builder. We would like to know — 
right up front — which aspects of the 
model are well established and 
which are speculative. If one 
applies Newtonian mechanics to 
predict planetary orbital motion, 
one is restating a hypotliesis with 
relatively strong validation; tht 
faster planetary orbits have pro- 
vided us with the opportunity for 
repeated observations. This is a 
model with strong general accep- 
tance and minimal speculation. If 
we look at a model of national or 
international economics, there is 
going to be a much higher specu- 
lative content due to contin- 
ual difficulties with validation, 
which are due in turn to the non- 
repetitive, uncontrolled nature of 
the economic system. Biological 
models generally have some mix of 
well-understood components and 
speculation. Content can vary 
greatly, of course. A model of 
pulmonary gas exchange may have 
a rich content of accepted, well- 
established physical principles. A 
model of the control of respiration 
during exercise, on the other hand, 
may be highly speculative. 

When one is provided with the 
full details of the assumptions em- 
bedded in a mi^thematical model, 
this is comparable to understanding 
the underlying assumptions im- 
plicit in a verbal hypothesis. 
These assumptions help to define 
the implications of any hypothesis 
and, comparably, the suitability of 
any simulations that may be under- 
taken. A hypothesis might be di- 
rected to an endocrine process that 
is present only in a single species 
and, therefore, is not general to 
other species. Or a hypothesis might 
focus on only the short-term secre- 
tion of a hormone and not the 
long-term components of stimula- 
tion and response. Or, a hypothesis 



might focus on general rather than 
detailed phenomena — such as a 
description of average blood flow 
through an organ versus a descrip- 
tion of instantaneous and possibly 
non-Newtonian blood flow. We 
must know what all of the assump- 
tions are because they define and 
constrain the appropriateness and 
interpretation of possible simula- 
tions. Without knowing these con- 
straints early on, one will be en- 
couraged to undertake unsuit- 
able — ie, meaningless or erro- 
neous — simulations. 

One might accept the fact that 
mathematical models are only hy- 
potheses but then go on to argue that 
highly speculative models should 
be used in research and not in the 
classroom. This is not necessarily a 
sound idea. The decline of the 
Roman Empire, the essence of the 
atom, and the etiology of athero- 
sclerosis are all speculative topics 
that are regular components of for- 
mal coursework. We probaoly 
shouldn't avoid the use of specu- 
lative mathematical models in 
teaching, but we should be able to 
readily identify them. 

When a single person both builds 
a model and solves it, this person is 
aware of the underlying assump- 
tions and tempers interpretation ac- 
cordingly. When one person builds 
a model and another uses the model 
in simulation, then assumptions 
have a tendency to become more in- 
herent than explicit. It's likely that 
simulation will become increas- 
ingly popular in teaching in the 
near future, and model builders and 
model users will become more and 
more separated; special strategies 
must be devised to communicate as- 
sumptions. 

In sum, small computers are now 
inexpensive and powerful, and are 
rapidly becoming even more so. It's 
already clear that these technologi- 
cal advances will have a broad and 
significant impact on society. As 
part of this advance, biological 
simulation should attain a more 
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prominent didactic role. What can 
we expect from such activity? We 
can expect confusion and disillu- 
sionment unless special care is 
taken to communicate what a model 
is as well as to demonstrate what it 



does. It must be emphasized that 
simulation is nothing more than a 
tool to be used on the tfieoretical 
side of science; the fine balance 
between the theoretical and ex- 
perimental aspects of science must 



be maintained and taught without 
ambiguity. 
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Although many educators are con- 
cerned with the effects of the expo- 
nential growth of new knowledge 
on the quality of education in the 
health sciences, we continue to 
cram more and more facts and con- 
cepts into the curriculum. As a re- 
sult, there has been a gradual ero- 
sion of the time formerly devoted to 
the learning of problem-solving 
skills. This phenomenon has been 
especially striking in basic science 
courses presented during the earlier 
years of professional education. 

About 9 years ago, we attempted 
to address this problerr by intro- 
ducing into a first year .iiedical 
biochemistry course patient-man- 
agement exercises that require stu- 
dents to commit themselves to a 
series of decisions, each based on 
the evidence available at the time.^ 
The instructor's response to each 
decision is hidden in a latent image 
on paper until the stud .a s cnoice 
is made. Although these materials 
remain popular with students and 
do improve retention of both factual 
material and problem-solving 
skills, they are cumbersome to pro- 
duce. A more serious defect is thrt 
they offer cues as to the possibly 
correct answer{s) because the 
choices must be offered in multiple 
choice format. Because health pro- 
fessionals rarely encounter clinical 
situations in which decisions to be 



made present themselves in that 
format, it would seem more realistic 
to expect the users of case studies to 
generate and "vi^ite in" the most 
appropriate response. 

Th is led to the conversion of some 
of the laient image case simulations 
tc lun on the Apple II microcom- 
puter, using the readily learned 
PILOT/SuperPilot language 
that features graphics which are 
easily generated and can be made . o 
respond dynamically to student 
input. Eight such computer-basec 
simulations have been incorporated 
into our biochemistry course over 
the last 3 years.^ They have proven 
popular and also effective in terms 
of examination performance. While 
designed primarily for our students, 
these programs are being used in 
some of the 12 health science facul- 
ties in North America, Europe, Af- 
rica, and Australia that have ac- 
quired them. 

CASE STUDY OBJECTIVES 
The aim of these case studies is to 
give students an opportunity to 
apply their recently acquired 
knowledge of the basic sciences to 
the identification of the physio- 
logic, metabolic, cr anatomical 
abnormality underlying a spe- 
cific patient's clinical signs and 
symptoms. The principal objective 
in designing the exercises has been 
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to engage the user's commitment to 
solving a diagnostic problem and to 
deciding upon the appropriate 
treatment. This is done through a 
series of challenging interactions 
with the program in a clinicul set- 
ting consistent with the student's 
anticipated future professional 
role.3 

Real-life problems the health 
professional is called upon to solve 
are invariably multifactorial. 
Therefore la these simulations the 
expression of underlying organic 
disturbance in signs and symptoms 
is shown to be affected by psycho- 
social factors. Thus in one case 
study, the student is, as subtly as 
possible, guided to r'^quest and 
interpret the parents' story of the 
downward turn in their child's ini- 
tially minor illness. Sooner or later, 
depending on her/his acuity, the 
student discovers that "It took quite 
a bit of aspirin to bring down Syd- 
ney's temperature." This, in turn, 
leads to laboratory confirmation of 
aspirin poisoning as the problem. In 
other simulations, information is 
available, if requested by the (stu- 
dent) "practitioner'*, from "col- 
leagues" who may provide impor- 
tant diagnostic clues. 

By these and other devices, prob- 
lem solving has been broadened to 
include problem detection, iden- 
tification, evaluation, and, finally, 
management. As a result, such 
simulations seem realistic to begin- 
ning students with no clinical expe- 
rience. However, they are at best 
quasi-clinical, because the sensorial 
c ^s and interpersonal exchanges 
tlit.t play important roles in diag- 
nosis and management are absent. 
Nevertheless, these exercises elicit a 
desire to learn basic science mate- 
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rial that otherwise often seems dry 
and abstract. Apart from the obvious 
•'relevance" of the material, the stu- 
dents* personal success in using 
such facts and concepts in a profes- 
sional situation with which they 
can identify is also strongly 
motivating. 

PROGRAM STRUCrURE 

The programs are structured so as 
to encourage users to follow the 
diagnostic approach actually prac- 
ticed by competent health profes- 
sionals.'* Rather than requiring an 
exhaustive gathering of information 
initially, students are encouraged 
by the program structure to think of 
various causal hypotheses quite 
early. These can then be explored in 
a series of information-gathering 
steps that stimulate continual re- 
vision of an internali*-jd hypothesis 
list dS the users progress through the 
simulr.tion. Eventually each "practi- 
tioner ' is required to show commit- 
ment tc his/her diagnosis by using 
it as the basis of "treatment" of the 
patient's problem. Therapeutic 
mistakes are shown to aggrevate 
the "illness" and in two simula- 
tions, threaten the patient's life. 

Considerable simplification of 
complex situations often is n^^ces- 
sary, resulting in an exercise that 
may resemble a game more than a 
true life experience. Howev**r, care 
is taken to ensure semifictional 
elements do not interfere with the 
overall validity of the information 
provided and that only legitimate 
problem-solving methods are illus- 
trated. 

This type of experience has been 
shown by others to lead to a greater 
facility in problem solving in simi- 
lar situations encountered at a later 
time.'* Also, relatively abstract basic 
science concepts appear to be re- 
tained better when encountered in 
these settings, especially if they 
have been used successfully in de- 
cision making. To facilitate learning, 
users are allowed control over the 
speed and sequence in which the 
specific ^agnostic approaches are 



chosen. Such devices tend to give a 
{partially illusory) feeling of free- 
dom and make the novice more 
comfortable i>i difficult and some- 
times threatening situations. 

It may seem strange that a 
computer-based simulation could 
be threatening to students some 
years before they actually encounter 
clinical responsibilities. However, 
efforts are made throughout the 
exercises to have the student self- 
identify as the health professional 
who must solve and manage a spe- 
cific patient's problem. To maintain 
inter^^-st and commitment, the pro- 
grams express approval of correct 
choices and yet provide progres- 
sively more explicit and helpful 
information after incorrect respon- 
ses, especially at diagnostically 
important points. It also has 
proved important to include ques- 
tions at intervals during the simu- 
lation to test the student's under- 
standing of what has gone before. 
This is necessary because the linear 
nature of the computer medium 
makes it difficult for some studf nts, 
unless stimulated to do so, to inte- 
grate new information as it is en- 
countered with previously learned 
knowledge and especially, with 
information discovered earlier in 
the exercise. The process of inte- 
gration also can be helpedby asking 
the student to recall and use earlier 
findings, the implications of which 
may not have been fully appreciated 
at the time. 

Although, as explained above, 
multiple choice questions are not 
totally suited for the present learn- 
ing materials, they are employed in 
the early stages of the simulations 
because this is the questioning for- 
mat with which the users are most 
comfortable and thus does not dis- 
tract them from the substantive 
content of the inquiry. However, 
once most of the basic facts and con- 
cepts needed to begin understand- 
ing the patient's condition have 
been encountered, the type of ques- 
tioning changes. The user is now 
rvpected to type in a word or 
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phrase, without the help of the cues 
inherent in the multiple choice for- 
mat. Somewhat disconcerting ini- 
tially, the "type in your answer" 
now being requested requires stu- 
dents to recall appropriate informa- 
tion from their long-term memory 
into the working memory. There it 
can be integrated with the incoming 
information to solve the immediate 
problem raised by the program's 
question. Research in medical 
problem solving indicates this is the 
way skilled physicians operate in 
real-life problem-solving situa- 
tions.'* 

Although primarily meant for 
student self-instruction, preparing 
these case si mul ation s has proved to 
be a stimulating learning experi- 
ence for instructors, especially 
when students participate in refin- 
ing the design of the case study and 
in the programming. The resulting 
interaction between the students 
and instructors knowledgeable in 
the various subject fields involved 
in designing a simulation has been 
mutually beneficial, resulting in a 
product better attuned to the stu- 
dents' needi. and interests, and to 
the instructors' educational objec- 
tives. Such adventures in mutual 
education are reminiscent of one 
on-one tutorials on those rare occa- 
sions when student and instructor 
share a common interest in produc- 
tive learning. 
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The widespread use of miu ^- 
computers is now a fact of 1l ^ in 
research and education. Altho gh 
fanciful scenarios imagine each 
student with his or her own com- 
puter, practical constraints dictate 
that for some time, most of us will be 
sharing micros. How best to share? 

An extremely effective form of 
sharing can occur in a classroom 
with teacher and students going to- 
gether through certain programs, 
simulations, etc. The average mon- 
itor, however, is really too small for 
all but very small groups. Televi- 
sion sets, ;,ven multiple TV sets, are 
not the answer. Our university, for 
example, built lecturehalls withTV 
monitors, but, as most users here 
have found, the average TV set is 
marginal for data in 40 column 



mode, barely adequate or inade- 
quate for graphics, and totally unac- 
ceptable for information in 80 col- 
umn mode. Nevertheless, this limi- 
tation need not preclude the.- use of 
microcomputers as demonstration 
devices in a classroom. 

Recently. I had the opportunity to 
examine two hardware devices that 
project microcomputer video im- 
ages on a regular screen. The images 
were sufficiently large that they 
could be useful in classrooms for up 
to perhaps 100-200 students, or 
more in one case. In this note, I will 
discuss the obvious advantages and 
disadvantages that I observed with 
each of the two devices. 

First, some caveats. I am an Apple 
user, not a programmer, and I am 
certainly not a hardware person. 
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Thus, I don't really appreciate the 
niceties of "band pass" and all that. 
I do have some vague notion that TV 
sets don't do well in projecting 80 
column data, for example, but 
frankly, I don't care very much 
about the details of why. As a user, 
and I suspect like many classroom 
instructors, I would like to find a 
projection device that I could plug 
in, connect to my micro rather sim- 
ply, set at most any distance from a 
screen, and go. It would also be nice 
if the projection device gave an 
image of unlimited clarity, bright- 
ness, and resolution. 

ELEGTROHOME MODEL EDP-57 
The first machine I used was the 
Electrohome Large Screen Mono- 
chrome Projection Monitor, model 
EDP-57. It was a very easy machine 
to use. It provided a virtually identi- 
cal image as one would see on a 
green screen monitor — only much 
larger. The device was easy to hook 
up. After attaching the machine to 
110 volts AC, a single coaxial cable 
was attached from the video output 
of the Apple to a video input (BNC 
connector) on the Electrohome ma- 
chine. A single lens, approximately 
SVi inches in diameter, on tne front 
of the machine easily focused from a 
distance of about 15 feet a modestly 
bright image measuring approx- 
imately 5x8 feet on a standard 
projection screen. The distance 
from the screen was easily varied as 
the mach ine that we tested was on an 
optional pedestal base. This made it 
very easy to move the projection 
monitor around from class to class, 
and, of course, within the class- 
room. The beauty of it was that the 
machine was easily focused at 
almost any distance we tried. The 
image was an exact replica of what 
would have appeared on the moni- 
tor — except that now it was large 
enough to be seen by a class of 
about 90 students. Not bad! 

It was necessary to have the room 
darkened to the level of note lights. 
This is one drawback of the ma- 



chine. That is, the image, although 
very clear, was not very bright. This 
is probably because the projection 
monitor was designed to be used 
with a curved screen. If you will , we 
were misusing it, but it performed 
adequately. In fact, 1 ..as very 
pleased with its performance in 
displaying downloading of tabular 
data base information in 80 columns 
and hi-res graphics from a phar- 
macokinetics simulation program. 
A distinct advantage of the Elec- 
trohome projection monitor was 
that it would focus at about any 
distance from the screen. As a test, 
we focused it on a wall some 40 feet 
away. The image was still sharp and 
readable — ^and huge! In other 
words, it could have been used ef- 
fectively in our auditorium setting 
with the proviso that the level of 
lighting be at that of typical note 
lights. 

The list price of the Electrohome 
r^rojection monitor was about 
:j)5000. You can check on specif- 
ications and prices by contacting 
Electrohome (USA) Ltd, 182 Wales 
Avenue, Tonawanda, NY 14150. A 
local distributor has told me that 
Electrohome will have available a 
similar device designed for Tiat 
screen applications. 



SONY MODEL 10200 
The second machine I saw was the 
Sony Model 10200. 1 did not use it 
personally but participated in a 
classroom test of it with a bevy of 
faculty, each with their own favorite 
microcomputer. The Sony projec- 
tion monitor was a fussier machine. 
It used three se jarate color guns and 
had a fixed focal length. It is avail- 
able in several models or settings 
with various preset focal lengths. 
The fixed length to the screen is 
necessitated by the use of more than 
one projecting lens. Of course, the 
three lenses allow one to produce 
excellent color images. 

With an appropriate adapter box, 
the video output of our Apple lie 

1*8 



was connected to the Sony projec- 
tion monitor (which is designed for 
RGB input). A monochrome projec- 
tion image was obtained, buf there 
was some apparent color abberation 
or fuzziness, which was reduced by 
covering 2 of the 3 lenses. In 40 col- 
umns, the picture was adequate. In 
high resolution graphics, the data 
were still readable, but less sharp 
than I would have desired. In 80 
column mode, it was hopeless! Most 
of the difficulty appeared to arise 
from the fact that the Sony instru- 
ment was set up as an RGB monitor, 
and we were giving it a composite 
video signal. It was suggested that 
an appropriate RGB board in the 
Apple would have given us a much 
better image. Since our university 
appears headed toward buying the 
Sony machine, » am looking into 
RGB boards. Since I have no experi- 
ence with these boards, I cannot 
comment on whether they would 
really help the clarity of the data 
projection. 

A colleague recently had occa- 
sion to view another Sony projector 
system in use with an Apple com- 
puter and reported that the image 
was very clear in 40 column mode 
and with the Apple hi-res screen. He 
did net, however, notice the model 
number of the projector, so my im- 
pression may have been influenced 
by the particular machine that was 
being demonstrated. 

In the same test session, an IBM 
PC and an IBM clone were hooked 
up to the Sony projection monitor. 
This resulted in sharp, extremely 
color-dense pictures. I personally 
did not care for these images, but it 
was clearly a matter of taste because 
many of my colleagues who at- 
tended the same session were quite 
impressed with the Sony. 

The price of this unit is also in the 
$5000 range, and specific informa- 
tion may be obtained from Sony 
Video Communications, Sony 
Drive, Park Ridge, NJ 07656. 

Other video projectors are avail- 
able that might also be suitable for 
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microcomputer applications. Brand 
names includes Panasonic, VStar 
4-C, and BarcoData. The pnce range 
of these projectors extends from 
$5000 to $15,000. Incidentally, 
Electrohome has a model ECPlOOO 
which is a color projection monitor. 
I have not actually seen the 
ECPlOOO, but the advertising blurb 
f jr it emphasizes one possible ad- 
vantage over the triple gun ap- 
proach. That is, it uses internal 
aHgnment of three color guns, and 
projection out the front is dirough a 



So.Tie ten years ago we converted 
the traditional (lecture-labora- 
tory-discussion) undergraduate 
human physiology course at the 
University of Illinois into a Keller- 
PSP- ^ type course, including the 
laboratory.^- ^ The design of the 
course was derived from reinforce- 
ment-learnirg theory,^ and within 
the constraints of a university set- 
ting, it is a self-paced, mastery 
learning and largely self-scheduled 
operation. Although it appears to 
the student to be flexible, it is highly 
structured from the 'Staff's point of 
view. We have found over the years 
that this kind of course has several 
unanticipated advantages includ- 
ing: ease of modification, increased 
student affective learning, and in- 
creased personal contact. The cen- 
tral strategy of the course is to re- 
ward students with credit toward 
their grades only and always for ac- 
complishing what we have asked 
them to do. A distinguishing char- 
acteristic of the Keller approach is 
the attentive conformity of the 
teaching lac i^s to that course strat- 



single lens. I don't know the price, 
but I suspect it is comparable to the 
more expensive machines. 

In summary, there are several ma- 
chines available for prc;ection of 
our microcomputer monitor im- 
ages. Look carefully into your needs 
and the needs of those you may rep- 
resent. Buy wisely and then have a 
good time with the kind of on-line 
dynamic interaction possible with a 
microcomputer, your favorite pro- 
gram, and a group of interested 
minds. 



egy . In our course, students can earn 
up to 41% of the total possible earn- 
able credit by demonstrating that 
they have learned what we told 
them to learn from the textbook. 
They do this by passing written 
quizzes. They can earn 24% more by 
demonstrating that they have per- 
formed and Uiiderstand nine labo- 
ratory exercises. They can do this by 
having their data approved by a lab 
teaching assistant and passing an 
oral quiz given by another teaching 
assistant. If students fail to pass a 
reading or lab unit, they may repeat 
it. It should be noted that we have a 
15-week semester, so time is sched- 
uled to be available for students to 
repeat lab exercises. The remaining 
35% of the total earnable credit is 
assigned on the basis of their score 
on the final exam. Although this 
teaching mode has been extensively 
used for lecture courses, it has not 
been so widely tried in laboratories. 
Earlier, one aspect of the lab experi- 
ence concerning us was that, ac- 
cording to our observation, as small 
groups of students worked in the 
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traditional mode, less laboratory 
work vvas done than the faculty in- 
tended, and that the work com- 
pleted was performed and under- 
stood by only a small number of the 
students who operated as group 
leaders. This concern was alleviated 
in the self-paced format because 
each student's performance is 
grade-reward driven. However, we 
clearly had to design lab exercises 
that could be done by single stu- 
dents. Even when considering the 
extra work this has demanded, we 
have felt it justified because of the 
laboratory's unique value. Others 
don't always feel that way. No doubt 
at various times we have all heard 
the arguments that reading a 
textbook, etc. will teach a person 
more science more effectively than 
working in the lab. Students say 
labs are nonproductive and boring. 
However, we feel that the first crit- 
icism is based on a misunderstand- 
ing of what labs should be teaching, 
and the second results from lack of 
involvement of all the students in 
what was going on. More impor- 
tantly we feel that laboratory exer- 
cises should not be justified in terms 
of teaching the same kind of princi- 
ples as do the textbook or lecture. 
Instead the laboratory should be 
teaching students the difference 
between textbook dogma and sen- 
sory reality. The former is only a 
predictive description of the latter. 
To the extent we can teach that dis- 
tinction, of course, we have taught 
what science is. Considering the 
high priority that that goal must 
have, we decided to have a lab. 

To some extent we feel that we are 
being successful and that students 
do learn not only what some or most 
physiologists say is true, but also 
what physiologists must do in order 
to make their arguments be persua- 
sive. The involvement of each stu- 
dent is assured by the nature of the 
course. If we intend to reward pre- 
cisely one certain performance in 
the lab, then we ought to take the 
responsibility for communicating 
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exactly what we will reward. In 
practical terms this means a kind of 
cookbook; one with an explanation 
for the procedures used to be sure, 
but definitely a "how, when, and 
why to do what." Not too long ago a 
cookbook was considered an in- 
ferior kind of teaching instr\iment 
because people said "cookbooks 
prevent students from thinking*'; 
fortunately things have changed. 
One reason things have changed is 
that psychologists have learned the 
importance of communication in 
the learning process. Certainly in 
our case, we can't reasonably 
promise students to give grades for 
doing a lab exercise without pro- 
viding instructions, ie, the tools, for 
accomplishing it. As we will try to 
show below, the i;omputer helps 
here a great deal. When we rede- 
signed the lab to be an individu- 
alized, self-paced, **mastery-learn- 
ing" experience, we were still using 
kymographs. Since then, we have 
worn out a complement of strip 
chart recorders and oscilloscopes. 
The point here is that when the time 
came for replacement of equipment , 
it was obvious that the cost and ef- 
fort to replace the system with the 
same kind of old con/ponents 
amortized over a couple of years 
was greater than ttie cost and effort 
of converting to a computer data ac- 
quisition system. It is certain that 
students have more prior experi- 
ence with a computer terminal than 
with a traditional oscilloscope. In 
fact, our students and many of our 
teaching assistants never become 
the least bit comfortable with any 
analog electronic gear. From an 
educational standpoirt, it is also 
certain that the computer is also 
much more interactive. This feature 
is very important in terms of im- 
plementing **cookbook labs" be- 
cause it allows the teacher to check 
whether students understand what 
they are being asked to do immedi- 
ately before they are to do some- 
thing, and also it can provide some 



controllable limits as to what the 
student can do with the equipment. 

Overall, what we hope to achieve 
in the laboratory is an experience 
that provides students with insight 
into the processes by which scien- 
tists obtain facts and concepts. Ob- 
viously, students in the lab differ 
from working scientists in that the 
students lecognize that the obser- 
vations they are trying to make 
ha' e already been made before by 
someone else. Nonetheless, there 
are three important parallels that we 
are trying to maintain* first, we ask 
the students to have a clear idea of 
what they a* * going to do in the lab 
and why they are going to do it be- 
fore they are allowed to start the 
exercise. Scientists, as a general 
rule, don't do experiments ad lib. 
The computer simplifies enforcing 
this prerequisite. Second, we ask 
the students to prepare the exper- 
imental setup including all of the 
dissection and to obtain interpreta- 
ble data. In research experimenta- 
tion there are tests of validity that 
data must pass in order to be accept- 
able. In the student lab we ask only 
that the student obtain data that are 
reasonably close to previously vali- 
dated data. Third, we ask the stu- 
^onts to be able to discuss the ra- 
tionale of the specific measure- 
ments and of the overall experi- 
ment. 

Coming post facto, our computer 
equipment (hardware) and com- 
puter programs (software) were de- 
signed with the nature of our course 
in mind. In this we were fortunate 
and wish to emphasize two points 
that tend to be forgotten when com- 
puters and education are combined: 

1. Computers and computer pro- 
grams should be selected after 
designing a course. It is impor- 
tant to consider the educational 
goals first and not to bow to the 
temptation to choose a computer 
sytem and work from there. The 
introduction of a computer into 



an otherwise unsatisfaclcry 
course may hinaer rather than 
aid the educational process. 
2. Teachers can utilize the educa- 
tionally powerful, interactive 
nature of computers much more 
effectively by deciding what 
kinds of teaching methods they 
want to become involved in be- 
fore they choose the machines. 
The objectives of a course tend to 
narrow the choices of computer 
systems considerably, some- 
times even pointing to distinct 
:,hoices in both hardware and 
software. 

HARDWARE 

Although the choice of small, per- 
sonal computers is often appropri- 
ate, we feel that the utility ol the 
somewhat larger minicomputer has 
occasionally been overlooked to the 
detriment of some educational op- 
portunities. Reasons commonly 
given for the choice of personal 
computers are their low purchase 
price, ready availability, and a 
plethora of inexpensive software. In 
the absence of sufficient initial cap- 
ital, the technique of adding one 
raicpxomputer after another to a 
classroom is often effective. How- 
ever, by the time 5-10 of these small 
computers have been placed in a 
laboratory, their price often equals 
that of a more powerful centralized 
(multiuser) system. More important 
than price alone, we feel that the 
multiuser operating systems confer 
distinct advantages to a centralized 
computer system. Furthermore, by 
our limited experience, the cost of 
the hardware is actually less expen- 
sive on a per-terminal basis and 
better in quaHty. Among the ad- 
vantages of a centralized multiuser 
computer system in an educational 
setting are the following: 

L Improved ability to gather 
statistics on laboratory usage 
and scheduling. We may: 
A. Determine the hours when 
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the laboratory is most 
heavily used. This aids in 
the scheduling of laboratory 
assistants and tells students 
when the laboratories are 
less crowded. 

B. Determine hovv long an ex- 
periment usually takes. This 
is of use both to the student 
for scheduling his or her 
timeand to the instructors in 
spotting problems with the 
laboratory exercise. 

C. Identify students having to 
repeat a laboratory an inor- 
dinate number of times. 
Course policy requires stu- 
dents to repeat the labora- 
'/3ries until they are per- 
formed successfully in order 
to receive credit, so they 
should not be more difficult 
than students can manage. 

II. Ease of providing statistics on 
timing within each experiment. 
Monitoring the timing of vari- 
ous portions of the experiments 
indicates the clarity of the ex- 
perimental protocol by drawing 
attention to parts of the labora- 
tory that are troublesome. 

III. Provide an important degree of 
security for the computer hard- 
ware. The multiuser system 
helps us to protect the computer 
and storage machine from van- 
dalism, spilled solutions, frogs, 
and rats. The computer can be 
placed in an isolated room with 
only the relatively inexpensive 
terminals and wire links to the 
analog interfaces in the labora- 
tory. We feel that this is espe- 
cially impcrtant in the self- 
paced laboratory where stu- 
dents are often supervised in a 
less structured way. 

IV. Provide preliminary proof of a 
student's attendance or perfor- 
mance. Our course does not use 
attendance as a grade criterion 
(other than performing the re- 
quired laboratory tasks), but 
this helps us to identify stu- 



dents who have not been able to 
adapt to self-directed study be- 
fore they are too hopelessly far 
behind in their coursework. 
V. Our ability to monito all the 
above provides a good envi- 
ronment for educational re- 
search since accurate, unbiased 
information may be acquired. 

To repeat the earlier warning, we 
found that the design of our course 
directed us very strongly towards 
certain types of hardware and 
software. For example, our desire to 
allow a student to review his work 
through the semester and to be able 
to continue, without penalty, an ex- 
periment begun a different day dic- 
tated our requirement for high- 
capacity storage devices (hard-disks 
and magtape). Likewise, our deci- 
sion to use a centralized multiuser 
operating system made us lean more 
heavily toward data acqnisition 
hardware with direct memory ac- 
cess (DMA) capability, which 
allows one person to be computing 
while another is acquiring data. Our 
desire to be able to expand from our 
current 8 laboratory stations led us 
to consider only hardware (includ- 
ing data acquisition devices) and 
software with clear cut paths of ex- 
pansion. 

SOFTWARE 

As with our choice of hardware, 
goals for our programs were devel- 
oped before our software was de- 
signed. Two sets of guidelines were 
developed to guide implementation 
of these goals: a) a set of standards 
for the interaction between the stu- 
dent and the computer andb) a set of 
programming standards. The de- 
velopment of these standards nec- 
essarily preceded even the first line 
of program code actually written. 
Despite being tailored to a particu- 
lar type of laboratory course, we feel 
that these criteria are of sufficient 
general interest to enumerate them 
here in condensed form. 



Student and Teacher Interaction 
Guidelines 

1. Avoid teaching any computer 
science to the students. Although 
computers occupy a distinct and 
growing position in the life sci- 
ences, we felt that the beginning 
physiology laboratory was not the 
place for this sort of instruction. 
Therefore, we have tried to make 
our software be extremely simple 
and as intuitive as possible. It 
should be possible forcommands to 
the computer to be learned in a 
few minutes. 

2. Create a familiar environment 
for the student. To accomplish this, 
we decided upon a simple terminal 
screen appearance that would al- 
ways greet the student. This con- 
sists of a line of dashes a few lines 
above the bottom of the terminal 
screen. The educational text always 
appears above the line of dashes, 
whereas messages from the program 
are printed below the dashed line. 
Units, then, consist of screenfuls of 
text, which we refer toas frames. As 
one would expect from the self- 
paced nature of our course, students 
may move back and forth through 
the unit at will, with no penalty foi 
repeating parts of the unit. Con- 
sistent spatial separation of in- 
structions from textual material 
helps focus attention and makes 
important messages harder to miss.' 
Interspersed within the frames of 
text are data acquisition, data ma- 
nipulation, and data display func- 
tions. For example, a student may be 
instructed to *Tress the 1-key to 
measure an action potential", or 
'Tush to record the muscle 
twitch response." 

3. It must be possible for our 
teachers to design and modify the 
course rapidly and without pro- 
gramming. We accomplished this 
by providing teachers with com- 
mands not available to the student. 
In addition to being able to move 
back and forth through a unit, a 
teacher is also able to insert a new 
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frame anywhere in the unit, modify 
or delete existing frames, and cut- 
and-paste from one location in a 
unit to another. Creation of text 
frames is entirely interactive — ^teach- 
ers simply move a cursor around 
the frame and type wherever they 
desire. Teachers can also associate 
an "external process" such as data 
acquisition, manipulation, or dis- 
play with any frame. 

Programming Guidelines 

Our programming guidelines 
deal with issues relating to the ac- 
ti'il coding of data. Although our 
emphasis on some of these concepts 
reflects our special application, 
most of these concepts arise from 
common and long-held philoso- 
phies within the computer science 
community. They have no less im- 
portance here: 

1. System independence. Be- 
cause of the rapid advancements in 
computer hardware and the in- 
creasing power of computer oper- 
ating systems, we decided to make 
a concerted effort to keep our 
programs as independent of any 
part of the computer or computer 
operating system as possible.^ All 
features that are dependent upon a 
particular computer, operating 
system, programming language, or 
even terminal are clearly marked 
and isolated (abstracted) from other 
parts of the program. The programs 
are largely written as though they 
are to be run on a single-user sys- 
tem, with distinct modules to en- 
able use on a centralized system. 

2. Consistency. Any familiarity a 
student perceives with a computer- 
driven unit system will be quickly 
destroyed if a very strong con- 
sistency is not maintained from 
unit to unit. To insure consistency, 
we have designed a very simple 
"interface" between the student and 
program which takes the form of a 
set of subroutines. By performing all 
interactions with the student via 
this set of subroutines, we ensure 
that all application programs are 



consistent and familiar to the stu- 
dent. 

3. Immediate terminal response. 
We believe that a part of the tension 
people feel when dealing with 
computers arises from their uncer- 
tainty as to whether they have 
pressed the correct keys or selected 
the correct commands. We attempt 
to relieve this tension in two ways. 
First, we provide as small a set of 
choices to the student as possible. 
Secondly, we immediately provide 
a message which either states that 
the requested command will be exe- 
cuted or that the command is illegal 
and a new command should be en- 
tered. This responsiveness is an in- 
trinsic part of the interface. It counts 
as a reward in learning theory. 

4. Security. Since our laboratory 
handles about 1200 students per 
year, concern with security needs to 
be mentioned. We achieve security 
primarily by designing all neces- 
sary functions into the unit pro- 
grams and instructing the operating 
system never to let the student exit 
the application program (a capabil- 
ity of many multiuser operating 
systems). This means that the stu- 
dent never actually has access to the 
operating system: functions such as 
file manipulations, data acquisi- 
tion, and data storage are all han- 
dled under program control. Sec- 
ondarily, our use of a centralized 
computer allows us to physically 
isolate the computer, providing an- 
other layer of insurance against ac- 
cident or vandalism. 

5. Rapid development. We de- 
cided that we wanted to complete 
program development and get to the 
(more difficult) unit-designing 
stage as quickly as possible, pro- 
ceeding from beginning installation 
to unit design within a semester. In 
order to develop our programs as 
rapidly as possible, we used the 
computer science concepts of mod- 
ularity and abstraction.^ 

6. Maintenance by minimal pro- 
gramming sta^. Since unit design 
can he accomplished without pro- 



gramming, reprogramming should 
ideally only be required when new 
laboratory experiments require 
major changes in data acquisition or 
data display techniques, when the 
computer hardware is updated, or 
when operating system or compiler 
releases offer significant perfor- 
mance enhancements. Thus, we 
foresee occasional program mainte- 
nance rather than a permanent pro- 
gramming staff. To this end, we 
have created standards for both 
int**rnal (within the programs) and 
external (manuals) documentation 
which are strongly enforced in the 
attempt to provide a degree of doc- 
umentation that would allow a 
completely new programmer to 
quickly begin working on the appli- 
cation programs. 
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KEEPING ABREAST OF THE LITERATURE 



The problem of keeping abreast of 
the literature for the person using 
computers in life science education 
is somewhat more complicated than 
keeping up to date in a specific sci- 
entific topic area. The number of 
papers that might be of interest is 
not overwhelming. However, find- 
ing those pertinent reports may not 
be an easy task. The interdisciplin- 
ary nature of the topic and the range 
of environments in which projects 
may be pursued are two key com- 
plicating factors. Because of these 
factors, pertinent reports are pub- 
lished in a wide variety of journals 
whose usual focus is neither educa- 
tion nor computer applications. 

Because the primary aim of this 
newsletter is to promote communi- 
cation among users of computers in 
life science education, one of the 
goals should also be to help readers 
become aware of what is in the lit- 
erature and where to find it. There- 
fore, from time to time, we will 
publish selected bibliographies 
drawing attention to pertinent re- 
ports in the current and past lit- 
erature. This month's entries span 
the past 5-6 years and were chosen 
to illustrate the scope of journals 
publishing reports in this topic area. 
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OPTICAL VIDEODISCS AND 
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James W. Woods 
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In the first issue of this publication, 
Model 1,"* Schouttelius,^ and Rovick 
and MichaeP presented the essen- 
tial facts regarding the use of digital 
computers in the teaching and 
leaming of the life sciences. This 
article attempts to build upon their 
excellent introductions by de- 
scribing roles in this arena for opti- 
cal discs under computer control. 

* Tho term Computer Bnsed Educfition 
{CHE) will be used throughout to (k»scribe 
activities Vcirioiisly called Coinputor As- 
sisted Instruction (CAI). Computer Managed 
Instruction (CM I). (Computer Based Evalua- 
tion (CBE). etc. Optical videodiscs are also 
commonly referred tc as laser discs. Both 
terms are correct. 



Woods et al^^'^have demonstrated 
the use of optical videodiscs in 
pathology and radiology CBE, 
Wheeler^ has produced a videodisc 
for diabetes education, and Clark' 
has produced an excellent video- 
disc for use in biology educa- 
tion. Videodiscs for the health sci- 
ences have also been produced at 
Florida State University. University 
of Iowa, University of Washington, 
and Rush-Presbyterian-St. Luke's 
Medical Center. 

Model I correctly pointed out that 
CBE has pot played a major role in 
learning of the life sciences during 
the first two decades in which com- 
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puters have been available for iii- 
slruclioiial purposes. One reason Un 
that fact is that teaching and learn- 
ing of the life sciences is a highly 
visually oriented activity, and the 
CBE systems of the past had scant 
capacity for using pictures. I often 
say to educators that any of us can 
teach all of the mathematics we 
know (which, for tho write-*, is not 
all that much) using only a chalk- 
board or flipchart. Not so with 
most of lite science education. If I 
wish to discuss a blood smear with 
students, in the modern world a 
high quality color visual is a pre- 
requisite. 

Although CBE systems of the 
1970s attempted to use visual 
databases in various forms (mi- 
crofiche projection under program 
control, 35 min sMd6 projection 
with or v*'itiiout program control, 
and hardcopy pictures and 
graphics), none was highly suc- 
cessful. 

The use of optical videodiscs to 
store the picture databases required 
by visually oriented curricula [h\- 
o'ogy- geography, art. medicine, 
etc.) affords an unusual opportunity 
for those interested in life science.^ 
CBE. Up to 54.000 individual pic- 
tures (as video frames) may be 
stcred on one side of an analog 
videodisc, and any one of them can 
be retrieved in less than 4 seconds. 
(Average search time is ordinarily 
l(?ss than one second.) Very high 
quality color pictures are obtain- 
able. 

Depending upon instructional 
strategy, the videodisc may contain. 
(1) individual frames intended for 
still-picture playback. (2) sequences 
intended for playback with sound 
and motion, and/or (3) a control 
program recorded on one of the two 
audio tracks. Sound may also be re- 
corded on either or both audio 
tracks and. thus, a second language 
or a second script intended for a 
different audience may be svy.- 
ported. The present generation of 
videodiscs and videodisc players 



requires playback at normal speed 
to support audio. Therefore, a 
two-minute discussion of a still 
picture on a videodisc requires that 
the pictuie be recorded on 3600 
successive frames, which amounts 
to , .4% of the frames available. To 
put it another way, a two minute 
discussion of each of fifteen slides 
would fill an entire side of a 
videodisc. However, one manuf ic- 
turer has recently developed a pro- 
cess, using digital audio, wliich 
permits up to 20 seconds of audio on 
a single frame. Us<ng that technol- 
ogy, a one minute discussion of a 
picture would require recording the 
picture on three frames instead of 
1800. Another manufacturer plans 
to produce a device that plays back 
both videodiscs and digital audi- 
odiscs with a capuoity of one hour, 
but the system may prove too ex- 
pensive for the educational market 
in the near-term. Extending 
single-frame audio capacity on 
videodiscs by either technique 
Vv'ould be a mixed blessing: the 
**talking faces'* of educational tele- 
vision in the 60s and 70s could be- 
come the **talking pictures" of the 
p»[;hties. Talking pictures, in the 
writer's judgment, would not con- 
stitute the best use of the technol- 
ogy. Rather, it should be used to 
support interoch'vo learning 
experiences. 

Videodisc technology is not only 
available, it has become affordable 
by educational programs during the 
very recent past. The cost trend in 
this area is very similar to that ob- 
served in computer technology 
in general. In 1978. an op'i'jal 
videodisc player cost about 
$20,000; the cost was down to 10% 
of that figure by 1981 and in 1984. a 
state-of-the-art player can be pur- 
chased for about half the 1981 fig- 
ure. 

VIDKODISC PLAYERS 

Two types of players are currently 
available: consumer models that 
sell for as little as $200 and indus- 
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trial models with a price range of 
$800 to $3000. Only the latter are 
useful for CBE. since the consumer 
models have no provision for a 
computer interface, but both types 
have remote hand controls avail- 
able. Hand controls for the indus- 
trial model players can be used to 
affect user control of Level I and 
Level II discs (see Appendix). The 
same internal softv/are that sup- 
ports control of Level II discs also 
permits external computer control. 
Earlier industrial models had input 
jacks to accommodate adapters that 
provide the computer interface (se- 
rial interface adapters that accept 
standard ASCII code). Later models 
haveeitheraserial (RS232) portora 
paiallel port built into the players. 

VIDEODISC PRODUCTION 

In tlie near term, most life sci- 
ence educators are likely to use 
visual databases produced by 
others, rather than becoming in- 
volved in videodisc production. 
Therefore, this section will be brief, 
and those interested in the technical 
aspects of production are referred to 
articles by Goldstein^ and Leve- 
ridge.-^ 

Almost any type of visual mate- 
rial (slides, motion pictures, mi- 
crofiche, videotape, hardcopy 
pictures/graphics, x-ray film) can be 
reformatted on videodisc. CAU- 
TION! Although it is pos.iible to 
reformat existing visuals on 
videodisc, the aspect ratio of most 
such materials dilfers from that re- 
quired foi television. No matter 
what the source of the visual mate- 
rial, it must eventually be trans- 
ferred to a videotape of a format re- 
quired by the mastering and rep- 
lication services. Those services re- 
quire either a C-format one-inch or a 
time-encoded three-quarter-inch 
videotape. 

The mastering and replication 
services produce a master videodisc 
and replicate it by injection pro- 
cesses. The 1984 cost for mastering 
is approximately $2000 per side. 
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Copies cost around $20 o<ic.h for 
small numbers of copies. The cost' 
copy is reduced as the number of 
copies increases 

^YPES AND JSAGE 
There are two basic types of opti- 
cal videodiscs: constant angular 
velocity (CAV) and constant linear 
velocity (CLV), CLV discs can store 
considerably more information than 
CAV discs, but they are essentially 
useless for CBE since they cannot be 
searched for specific fraines or seg- 
ments and cannot be used for slow 
I .otion, etc. On the other hand, each 
of the 54,000 tracks on a CAV disc 
represents a single frame (iwo 
fields) of video so that a CAV 
videodisc can be stopped at any 
track to produce a still-frame image. 
CAV discs can also be played for- 
ward and backward in variable slow 
motion (a feature that can be useful 
in the teaching and learning of 
psychomotor skills); they can be 
stepped (forward and backward) 
through individual frames; and they 
can be searched for any given frame 
since each ^i'ame har, a unique five- 
digit "address.** 

There are three classes of CAV 
videodiscs: Level I, Level II, and 
Level III (see Appendix). 

Level I videodiscs are of limited 
value for lifo science education, ex- 
cept when they contain frames that 
can also be used in the Level III 
mode (vide infra). When placed in 
PLAY mode, a CAV disc has only 
twenty-seven minutes of audio and 
video available. (If you do the 
arithmetic of dividing the .">4,000 
frames on a single side by iMO 
frames/ir..n, the ansvvt. is 30 min- 
utes. However, the mastering pro- 
cess requires jne minute of black 
signal and one minute of color bars 
at the beginning of the tape and one 
minute of black at the end.) 

Level discs are, in the wr!ter*s 
judgment, also of limited value in 
life science education, although 
they can be very useful in patient 
andpublic education anu in various 



cataloging and archiving applica- 
tions. Since the control program is 
permanently embedded on the disc 
itself, and since life science educa- 
tion is a dynamic endeavor, it seems 
reasonable net to have the control 
program written on a tablet of stone. 
To do that requires remastering and 
replication of videodiscs every time 
something changes. The same end 
(control of rate, sequence, and 
branching of the presentation) can 
be achieved v*rith a computer pro- 
gram written on read/write memory 
that can be changed at will. 

Level III, or Level I with proper 
producti jn technique, discs are the 
method of choice for those curricu- 
lar areas in which change is predict- 
able. The author has produced a 
two-sided disc in Basic Medical 
Pathology that is an example of 
the Level I/Level III method. Each 
side of the disc contains a single- 
concept presentation . but video and 
audio were recorded in a manner 
to enable use under computer con- 
trol for interactive education. For 
instance, each micrograph used in 
the presentation was labeled by a 
video character generator, but the 
insertion of the label was withheld 
for a second or two after recording of 
the picture began. Thus, every 
videomicrograph presented makes 
a labeled and an unlabeled appear- 
ance. The unlabeled frames are used 
under computer control for student 
interaction in a CBE lesson. 



CBE PRESENTATION FORMATS 

There are basically three presenta- 
tion formats for CBE lessons that 
reference visual databases resident 
on opiical viaeodiscs. Each has its 
role, depending upon the nature of 
the content material and the in- 
structional strategy. They are 

• use of two display devices (either 
two video monitors or a video 
monitor and a CRT), displaying 
computer output on one and 
videodisc output on the other; 



• use of a single display device (a 
video monitor) and a device (usu- 
ally a ROM card for the computer) 
that switches between video 
sources and controls the player; 

• use of a single display device (a 
video monitor) and a ROM card 
that supports overlaying of one 
video signal on another or 
switching of video signals. 

An example of the use of the tv*- 
display device format is a drill and 
practice lesson in which pictures 
are displayed on one screen and 
multiple choice or open-ended 
questions are presented on the 
other. The author has used this for- 
mat for Basic Medical Pathology 
lessons that utilize National Board 
type multiple choice questions and 
are now being u.sed successfully in a 
number of US and Canadian medi- 
cal schools. Optimum use of this 
format requires that a videopointer 
be used when recording the video so 
that interaction (questions/dis- 
cussion) can later be referenced 
to the position of the pointer. Disad- 
vantages of this format are that it 
divides attention of the user be- 
tween two devices, salient features 
must be marked with a pointer at the 
time of recording, and the cost of the 
second display device. 

Use of the second type of format 
(computer card for player control 
and switching between x^ideo 
sources) essentially serves the same 
purpose as the first format bi t uses 
only one display device. It has the 
disadvantage of not permitting in- 
teraction with the picture while the 
picture is actually displayed. 

The most elegant and, naturally, 
the most expensive format is the last 
one. it permits display of a picture, 
overlaying the picture with com- 
puter generated text or graphics, 
and user interaction with the pic- 
ture using keyboard, touch panel, or 
light pen. The writer is currently 
using this format in lessons de- 
signed tc present fundamentals of 
radiographic (x-ray) image in- 
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terpretation. It has the disadvantage 
of expense. The video overlay 
boards are almost as expensive as 
" e microcomputers, but prices for 

.ese devices will come down in the 
near future. 

Although the number of video- 
discs available to support life 
science education is limited, there 
are some that can be used er c- 
tively now, and there will be others. 
For those interested in getting 
started, the following videodiscs 
may be of interest: 

1. Bio Sci Video Disc. 
Videodiscovery, Inc., Seattle, 
WA. 

2. Medical Applications. Univer- 
sity of Washington. Seattle. WA. 

3. Human Genetics for Nurses, Part 
I. Florida State University, Tal- 
lahassee, FL. 

4. Urology. University of Iowa, 
Iowa City, lA. 
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APPENDIX 
Definitions 

• Optical Videodisc. A read-only, 
approximately twelve-inch disc 
consisting of a "sandwich," an 
inner layer, which can have 
information recorded on both 
sides, covered by a layer of 
transparent protective plastic on 
both sides. It is an analog device 
that utilizes standard US (NTSC) 
television signal technology. It is 
mastered from videotape, using a 
frequency modulated laser to 
burn pits in the surface of the 
master disc, and replicated by 
injection molding. 

• OMDR Videodisc. An optical 
videodisc, also analog, that is 
directly recorded on a blank disc 
using standard NTSC video 
signals. The cost of the OMDR 
recorder/player ($18,000 and up) 
and of blank discs ($500-800) 
places it outside the education 
market in the near-term and its 
applications are not discussed. 

• CLV Videodisc. An optical 
videodisc that, on playback, is 
rotated at variable speed to 
achieve constant linear velocity 
with reUition to the laser beam in 
the .ead head. Each complete 



track on the disc contains a 
variable number of video frames 
and l/30th second of audio per 
frame. 

• CAV Videodisc. An optical 
videodisc that, on playback,^ is 
rotated at a constant speed to 
achieve constant angular velocity 
relative i ^ the read head. Each 
track on the disc contains a single 
video frame and l/30th second of 
audio. 

• Industrial Videodisc Player. A 
playback device that contains a 
programmable microprocessor, 
has a frame search capability, 
forward and reverse motion 
capability, and variable speed in 
both directions. It also has 
provision for connection to an 
external computer. 

• Consumer (Home) Videodisc 
Player. A playback devic*^ 
without programmable internal 
memory. 

• Level I Videodisc. A CAV 
videodisc that is meant to play 
from beginning to end (much the 
same as a videotape). When 
played on an industrial player, it 
can be manually searched for any 
frame, played in reverse, slow 
motion, etc. The industrial 
player can be programmed, using 
the hand controller, to present the 
material in an interactive man- 
ner, subject to a limitatioi of 1024 
bytes of player memory. 

• Level II Videodisc. A CAV 
videodisc that contains a digital 
program on audio track 2. The 
program is "dumped'' to the 
player's microprocessor, and 
playback is then governed by 
choices made using the hand 
controller. 

• Level III Videodisc A CAV 
videodisc designed for control by 
an external computer. 
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A literal or verbal desciiption of a 
concept is a consecutive process. 
Envision an attempt to describe the 
phenomena that are observed when 
magnetic and radiofrequency (RF") 
fields are applied to a substance 
containing hydrogen atoms (Fig. 1). 
The collective effect on the hy- 
drogen atoms can be represented by 
a net magnetization vector whose 
spatial orientation and magi itudeis 
dependent on the field strength of 
the main magnet (BO), local chemi- 
cal and magnetic influences, and 
the frequency, phase, and magnetic 
field strength of the RF pulse (Bl). 



As might be expected, numerous 
consecutive descriptions are re- 
quired before the student can build 
mental images of the process. Also, 
the dt\scription of the temporal re- 
lationships of this phenomenon 
necessitates constant dialog. Not all 
students are able to understand 
these literal or verbal concepts; 
however, many students are good at 
extracting information from figures 
or images. Unlike the consecutive 
literal or verbal descriptions, the 
use of figures or images is a concur- 
rent process where information can 
be presented simultaneously. 



FIGURE 1. This is an example of a computer display of four time varying vectors 
from two different viewpoints: ^1) Left viewpoint — ^above and perpendicular to the 
X-Y plane. (2) Right viewpoint— rotated and slightly above the X-Y plan Points are 
used to represent values of the net magnetization vector at different times, thereby 
indicating the vector's path. The curve at the bottom is used to indicate the tirne 
varying amplitude of the not magnetization vector along the Y axis. 

STATIC & ROT. COOR. 





TINE 



B0= 1.0 STATIC 
Bl=: .05 



'*A picture is worth a thousand 
u^ords.** That was true before the 
'information revolution" and is 
even more true today as computers 
increase the rapidity and quantity of 
information transmission. We are 
all familiar with high quality 
videotapes being used as an excel- 
lent means of explaining difficult 
physical concepts. Videotapes 
allow the presentation of images in 
rapid sequence permitting one to 
appreciate the temporal relation- 
ships of physical phenomena. How- 
ever, they lack the interactive qual- 
ities that can be programmed into 
computer generated videographics. 

Our radiology department will be 
acquiring a magnetic resonance 
imaging (MRI) scanner in early 
1985. Thia 1 evolutionary form of 
imaging has far-reaching possibil- 
ities since it is noninvasive, non- 
ionizing, and yields functional 
information based on the mole- 
cular-chemical charactcjristics 
of certain magnetic nuclei. Along 
with this new technique comes the 
task of education. This is especially 
demanding because of th'j complex 
multidimensional physical con- 
cepts that underlie MR!, 

In an attempt i deepen our grasp 
of fundamental MRI principles, we 
conducted a course on "Funda- 
mentals of MRI" in February 1984. 
The advertised purpose of this 
course was to familiarize members 
of the medical profession wi'.ti 
physical principles, terminology, 
instrumentation, and the diagnostic 
potential of MRI. In an attempt to 
introduce the physical concepts, we 
decided to make extensive use of 
computer animated videographics. 

Our goal was to develop an inter- 
active computer based instructional 
environmont that was capable of 
demonstrating some of the physical 
concepts through the use of ani- 
mated videographics. The com- 
puter system had to be capable of 
displaying and erasing multiple 
vectors within a three-dimensional 
scene along with plotting curves, 
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updating variables, and tracking 
vector paths. The animation or 
movement of the vectors within the 
three-dimensional scene needed to 
be rapid enough to give the observer 
a feeling of continuous motion. The 
system also needed to be interactive 
so that the operator could select the 
desired program, momentarily stop 
program execution, and change 
program variables. 

We felt that computer graphics 
would be most appropriate for our 
specific educational needs. We 
wanted it to be capable of generat- 
ing scenes over which vector ani- 
mation could be overlaid in accord- 
ance with Bloch's equations. These 
equations describe the interactions 
of magnetic and RF fields on certain 
nuclei (especially protons) found 
within the human body. In addi tion, 
we wanted to be able to change the 
variables of Bloch's equations in 
order to observe their effects and 
interactions (Fig. 2). Also, we 



wanted the ability to vary the color 
of different parts of the animated 
scene and have a spatial and tem- 
poral resolution that was visually 
acceptable. For the initial version, 
we wanted the interaction to be 
controllable by a knowledgeable 
user who would direct the execu- 
tion of the programs with one or 
more observers. We also wanted the 
system to be easily transportable fo^ 
use in small meeting areas. With 
these guidelines in mind, we began 
to formulate a system. 

Even though our department had 
multiple computer systems, the 
IBM-PC was chosen because of its 
portability and high-level graphics 
software routines. This system con- 
sists of an IBM-PC with two floppy 
disk drives, IBM color graphics 
adapter board, IBM color monitor, a 
QUADRAM memory expansion 
with RAM disk software, and the 
IBM BASIC compiler. It is capable of 
generating four color images in 320 



FIGURE 2. This is a depiction of vectors from a partial saturation pulse sequence 
used in magne'"-^ resonance devices. The X', Y', Z' coordmate system is different 
from Figure 1 ..: nal it is rotating in a manner that stops the rotation of the net 
magnetization vector about the Z axis. This rotating coordinate system simplifies the 
visual presentation of complex time varying vector rotations. Variables Tl, T2, TI, 
and TR from Bloch's equation can be interactively modified. The curveat the bottom 
is used to indicate the time varying envelope of an RF signal resulting from the 
rotating net magnetization vector. 
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A 200 pixel mode. The RAM disk 
allows for rapid access of data and 
programs. 

The standard IBM soft ware piu- 
vided many essential graphics sub- 
routines. However, we found that 
our requirements for rapid display 
and erasure of vectois and curves 
was not adequately supported. 
Therefore, a vector and curve gener- 
ation subroutine was written in as- 
sembly language and used in con- 
junction with the standard IBM 
software. Herein lies one of the 
problems with institutional 
software development. Most edu- 
cational institutions will not have 
programmers knowledgeable in 
lower-level software, so they will 
make use of existin ^ software and 
possibly compromise their original 
guidelines. Also, in many cases, the 
individual most familiar with the 
educational concepts and the way 
they should be graphically pre- 
sented, wi'' not always be the same 
individua programming the com- 
puter. Interactive animated 
graphics is not a simple task. It is 
probably most easily developed by 
those few individuals familiar with 
all aspects of the application, hard- 
ware, and software. 

The MRI computer aided educa- 
tional system has been used on sev- 
eral occasions with groups ranging 
from one to thirty. The audience in- 
variably felt that their rate of learn- 
ing and degree of understanding 
was greatly enhanced. The com- 
puter graphics allowed difficult 
concepts to be presented in ti con- 
current fashion. The animation 
greatly aided the understanding of 
complex time-dependent processes. 
Also, the interaction allowed the in- 
structor to direct the instruction at 
the level and depth determined by 
the audience and available time. 

OTHER APPLICATIONS 
We have also developad an inter- 
active computer program that we 
use to teach the discrete Fourier 
transform (DFT). The DFT is a 
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mathematical tool whose use is 
ubiquitous in radiology as well as 
other life science areas. It is used 
extensively in MRI, emission as 
well as transmission tomography, 
and image processing. The DFT 
computer program is capable of 
displaying sinusoidal curves with 
different amplitudes and frequen- 
cies. By summing these sinusoids, 
complex periodic functions with 
known frequency content can be 
created (Fig. 3). The program can 
then use the DFT to analyze the 
complex curve, yielding the fre- 
quency and amplitude of the vari- 
ous sinusoids that were used to 
create the curve. This is an ex- 
tremely helpful program in ex- 
plaining the mathematical relation- 
ships between spatial and fre- 
quency domains. The students were 
very positive about its use and felt 
that it could be extended to other 
complex mathematical concepts. 

The IBM computer system has 
also been useful in developing edu- 
cational slides. For this task we in- 
creased our resolution to 640 x ^00 
pixels and the number of colors to 
sixteen. This required the purchase 
ofaConographics Corporation color 
adapter board and a Mitsubishi 
3419 analog RGB color monitor. 
Slide development software is 
commercially available, however, it 
wasn't available when we pur- 
chased the equipment so we devel- 
oped our own. The software we use 
has a **mouse" as the main method 
of interaction with the program. It 
allows precise positioning of 
graphics and text and selection of 
the desired task from mouse gener- 
ated menus. There are numeious 
graphics functions such as circle, 
ellipse, box. bar, line, paint, dither, 
window, text, color, draw, flood, 
hatch, pie. and print. The slides can 
be photographed directly off the 
screen using a 35-mm camera and a 
zoom lense (approximately 200 
mmj. The slides we have con- 
structed have a professional ap- 
pearance (Fig. 4). If 35-mm Polaroid 
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FIGURE 3. This display was taken from the discrete Fourier transform program. In 
thih Cdse d triangular reference cur\ e (sohd line) is overlaid bv the summation of the 
first five harmonics (H). The sinusoidal appearing curve is the sum of the sine and 
cosine components for the sixth harmonic.This curve, after being completely drawn, 
will be added to the curve representing the previous five harmonics. The student can 
interactively generate different reference curves. The student can gain an under- 
standing of the harmonic content of different shaped reference curves by watching 
the summation process. The following abbreviations are utili^'ed. H. harmonic 
number (frequency), A, amplitude of the cosine component as a function of H, B, 
amplitude of the sine component as a function of H; AMP, amplitude derived from 
the vector sum of A and B; PHA, phase angle derived from the vector sum of A and B. 



FIGURE 4. Thisisanexampleof a teaching slide produced with the 640 ^ 400piAel 
16-coior slide development software. 

FRAME MODE 



00 
H 



PIXEL 




COMPUTER NEMORV 



8 BITS S BITS 

nrnTm FfTrTfm 
mi mi 

\/ 

mi 



<5 



'^1 



O742-3233/fl4/SO.()0 * 2.00 



19»4 BY ['[.SKVIKK SCIKNCK IMIin.ISniNf; CO., fNC 



32 



COMIMTKKS IV IJi K S( Jl-N'( J. KDIU.AIIOX VOI UMK 1 M Mhi.K 4. H'l.Y l<m4 



film is used, the slides can be dev( \- 
oped vvilhin minutes. 

We feel that the computer has al- 
ready prov en to be invaluable in our 
teaching efforts, and we plan to 
greatly expand its educational use. 



We also use many of the comnu;r- 
cially available programs, espe- 
cially word processors. We are pres- 
ently in the process of purchasing 
an analog to digital conversion 
board for another IBM so we can 



digitally acquire physiologic data 
from patients during cardiac 
catheterization. This is part of a five 
year NIH grant in which numerous 
programs will also be developed to 
massage the physiologic data. 
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Whilo inclivicluaii/.dd sludnnl- 
compulorinloraclion has madosub- 
slanlial inroads into education, the 
bulk of student teac:hin<^ in most 
educational institutions remains 
li.iiited to the lecture format. Her(» 
loo, however, the computer can 
serve a u,sefu! purpose. Computer- 
generated lecture aids offer several 
advantages over conventional 
lecture tools such as blackboard 
and slides. 



ADVANTACJES OF COMPUTER 
GENERATED VIDEO OVER 
BLACKBOARD AND SLIDES 

Demon,stration of Movement 
Over Time 

In contrast to slides and the black- 
board, the computer is ideally 
equipped to demonstrate chang<,;g 
phenomena and interactions. Fig- 
ure 1 (A-K), for exiimple. is a 
printout of stages in an experiment 
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monl. Kiguro 2A is tbo st«irtin<^ 
point, in wbicb oitb(ir ii bydrostiiti(. 
prossuro (tbo bhiok triiinglo) or «nu 
of tbroo solutos drivos wator (W) 
jicross <) nKMiibrnno poruKNibbi to 
wator. impormonblo to sucroso oi 



\aCI. and modoratoly pormoiblo to 
uroa. Tho studont can obsorvo tb(» 
cbanj^os in tbo fluid column b(M<^bt 
ovor timo. tb(» roiativo (»ff(H:ts on 
fliAVof cbcingos in pornioability and 
dissociation (Im<^. 2H). and tbo 
ovontual off(M:ts of dissipation of tbf» 
uroa <^radi(»nt (Fij^, 2i\). Tho mov(»- 
mont ov(ir tim(» of tb'* solut(»s and 
\\'i\Ws in tboso two domo^istrations 
would bo difficult toduplicato v.itb 
oithor slidos or a blackboard. Kur- 
tbormoro. <i sin<»l(» slido sucb <is l-ij;- 
UHi \ \\ would bo (.op.sidorod com- 
plox and (.onfusinj^. wbihi its ap- 
p(iar«in(.(; «is tbo ond of a syntbotic 
pro(.(iss is roadily a( (.(iptod by tb(i 
studont. 



Demonstration of Changing 
Experimental Parameters 
Ono poworful uso of conipul(»r- 
«;o:iorat(;d graphics is tht? sinnila- 
tion of im|)ortant physiologic pho- 
nom(Mia. I'iguro \\ shows om? frame 
of a prograni d(Mnonstrating tho 
|)hysiology of tbo ronal glomerular 
circuliition. At this |)oint in tho lec- 
ture, the instructor demonstrcites 
the effects oi vaiying tho resistance 
of tho aff(irent arteriole (K.,.,) or the 
(ifferont arteriole (R....) on the 
j^lomerular i)la.sma flow (RFF) and 
tho hydrostatic pressure gradient 
across the glomerular capillary 
membrane (APi:«). 

Using oithor a plug-in joystick or 
the keyboard (the A-S-D-F keys), tho 
instructor can vary the resistance of 
the ve.ssels (shown by movement of 
tbo gra|)h arrows afid the vessel- 
occluding squares to the right or 
loft) while th ^ effects of these resist- 
ance changes on the pressures and 
flow s are shown by movement of the 
«ippropriate graph arrows as well. In 
this particular frame. R.,., is depicted 
in invor.se video to indicate that its 
value is the ono presently being 
modified by tho ipstructor. 

Student Access to Programs 
and Computers 

We have several Api)lc computers 
in our libniry. and copi(iS of th(i 
louture diskott(\s arc? avaihiblo <it tho 
ciiculation desk for student u.so. 
Having boon introduc.od to th(i pio- 
grains once during loctur(i. th(i stu- 
dents hav(i had little difficulty 
working through thtMn on th(Mr own 
latrir. Locally g(Mieralod programs 
are not copy-protected, so th<Jt stu- 
(lonts may \.'.)rkat homo if th(i\ h<ivo 
appropriate* ocjuipmfMit av<iilabl(i. 

Modification of programs 
{)nv of th(i most us(»ful <isp(»cts of 
(.omi)ut(T-l)as(>d tcNubing matfTials 
has boon tb(MMS(»of modifi( <ition by 
tb(» programmtT in rosi)onso to stu- 
doni f'Mulbat k. 
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Focusing Student Attention 

In contmst to the use of static slidos. 
in which student nttcMition oftcMi 
does not foiiovviho lecturer's intent, 
frames generated by computer need 
not display infoimation until the 
previously displayed concept is 
discussed and the instructor is pre- 
pared to proceed and display now 
material. Furthermore, the pace of 
movement through the program can 
i)e controlhul l)y the instructor using 
Iho keyocard or a joystick. 

Quality of Text and Graphics 
HandwrittcMi hla(.kboard (.ommen- 
tary is often difficult to read. and. 



frrn^ I'l n x. 



* * 



Int«ractiOos of Rao gncS P«o <DF) 



FKiURE 3. One fiamr of a sorii^s dimi- 
cMistralmg thr physiolot-s of th(» nMial 
giomciuldi c ir ul.ition • 



once erased, is unavail:j|)le for sul)- 
.se(]uent student u.se. In contrast, 
computer-generated t(i\t. whc.i 
displayed on a suitable monitor, is 
clear and permanently availal)!o to 
tluj student. 

LIMITATIONS OF COMPUTHR- 
GENERATEI) LECTURE AIDS 

Co.st of Equipment 

The decreasing cost of microcom- 
puters makes computer hardware 
a ndatively minor portion of tlie 
total (jquipment cost. More critical 
is the quality (and thus the expense) 
of tlie video projector. The purclia.s(j 
of equipment capable of high- 
resolution proj(JctioM of comput(»r- 
g(M7e,ated images would seem to l)e 
a wortluJiile investment. ev(jn 
at a cost several times that of th(j 
computer. 

Program Preparation Time 
This is pr()l)al)ly th(i most critical 
li utation in hjctun* aid d(n'(ilop- 
nifMit. Writing a 10 minut(i lecture 
.s(igm(int pre.s(int(Kl to students 
once p(ir yciar may lake many hours 



oi programming timcj. including 
d(JV(dopnient of program concept, 
creation of t(j\t ind graphics, and 
final debugging. Con.s(K|uontly. 
one must often l)e satisfied eitlier 
with producing a iimitod (juantity 
of .software or with adapting one's 
t(ja(.liing styl(» to software produc(xl 
l)y otiiers. 

Limitations in Applicability 

(.omputer-generated graphics as 
hicture aids seem most clearly ap- 
pli(.able to quantified parameters 
such as pre.ssures. forces, voltages, 
flow rat(is. currents, concentrations, 
and volumes. Thus cla.ssical physi- 
ology, pharmacology and biocheni- 
istry. statistics, and decsion analy- 
sis are more readily assisted 
by computer graphics than are 
subjects such as pathology, an- 
atomy, and microbiology. 

TECHNICAL ASPECTS 

How Can the Computer Generate 
Lecture Aids? 

The computer video output is sent 
through a shielded cable to the 
input of a large-.scnum projection 
t(d(jvision mounted in the front of 
the lecture hall in view of both the 
hu.turer and the class. 

I'ho video output of computers 
such as the Apple or Franklin is di- 
njctly compatible with a standard 
"monitor'* input of most vid(M) 
units. Computers with R(;i3 (red- 
gre(in-blue. corresponding to the 
thr(ie color guns) output may per- 
mit l)etter re.solution: however, the 
us(jr nuist (Misurcj that his monitor 
accepts RCH input. Other com- 
put(jrs. for (jxamphi the TRS-80 
series, do not hav(i (i.\t(»rnal vid(M) 
output, and ani thus less useful for 
(his application. 

Monochrome or Color 

\Vhil(i (.olor vi(l(M) is (isthctically 
moni phasing tlian monochronKi 
(whil(i. y(Hlow. or gn^Mi on l)lack) 
and of{(»rs advantagcis of "color- 
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coding;" graphs and labels, many 
color monitors (particularly the 
older ones) have much less resolu- 
tion than monochrome monitors. In 
addition, single-width "white" 
vertical lines generated by com- 
puters such i\b the Apple and 
Franklin are in fact draw^n in any of 
several colors, depending upon 
their location on the screen, w^hile 
horizontal lines appear their in- 
tended white color. This variega- 
tion makes text considerably le.ss 
readable on a color monitor than the 
same output displayed on a mono- 
chrome unit. Finally, while there are 
280 "white' vertical locations on 
the above mentioned computers, 
only 140 of the.se are a single color, 
so that colored structures can not 
have the sam.e fine structure as 
white ones. 

Because of thesp limitations on 
both monitor and computer resolu- 
tion, my ow^n preference has been to 
work with a monochrome video 



signal, even wiien only color mon- 
itors are available, in order to elimi- 
nate the color variegtition noted 
.ibove. On the Api)le 11 / 11 ^ and 
l-Y.^nkiin 1000 computers, suppros- 
iAon of the color signal (that is. out- 
put of a high-resolution mono- 
chromesignal)canbe achieved with 
a simple hardware modification. 1 
do not know w^hether the Apple //e 
can be modified in a similar way. 

SUMMARY 

Computer-generated graphics and 
text lecture aids can improve stu- 
dent education by focusing student 
attention, demonstrating processes 
that change with time, and 
simulating experimentally impor- 
tant phenomena. While their role 
may be limited to subjects that can 
be readily quantified, and softw^are 
is limited in availability, the u.se of 
such aids can improve the clarity of 
lecture presentations in a mean- 
ingful wav. 



USE OF COMPUTER TUTORIALS IN 
COMMUNIIT COLLEGE HUMAN ANATOMY 
AND PHYSIOLOGY CLASSES 

Dorothy Wooley-McKay 

DqKjrtni(?nt of Hiology. Glamhih Conmnuviy Cnlh^i^a. GUm(hiU\ An/onj 



Community college students some- 
times have problems understanding 
difficult concepts in physiolo{.;y. By 
using tutorials on the computer, 
.students can supplement the lecture 
and textbook. Th'^y can go back and 
r(;"iew^ the computer material as 
many times as they wish and as 
slowly as they wish. 

Tutorials using graphics are par- 
ticularly effective. Seeing material 
presented by the computer has an 
attraction that reading the textbook 
does not. We really have no expla- 
nation for this effect, it is possible 
that these individuals, having been 



brought up on television, can relate 
to learning material from a TV 
screen. Also, interaction with the 
computer is nonthreatening. 

HowHiver. most students at the 
present time have no knowledge of 
how^ to use a computer and indeed 
are a little afraid of them. We have 
found a tutorial slide sliow to be ef- 
fec.tive and suitable for students 
who have had very little computei 
experience. 

We used a utility by Beagle Bros, 
forthe Applel I series of computers. 
This utility is (.ailed l^ameup. 
Framcup allows mixing of text and 
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graphics in a slide show format. 
(Iraphics were drawn with the 
Apple.Mouse II and Mousepaint. 
The original graphics were drawn 
using the Koala Pad and the Mi- 
i roillustrator softw^are. We found 
the Mou.sepuint graphics to be of 
higher re.solution than those of the 
Koala Pad. How^ever the iMouse- 
paint graphics are better when 
used with a monochrome 
monitor. Koala pad/Microillus- 
trator graphics are better wath 
a color monitor. P^igure 1 is a 
printout of one of the Mousepaint 
illustrations. Text was written 
within the Frameup program. Each 
screen page of text corresponds to 
one frame of the slide show. 

Students can move from one 
frame to another by hitting the righi 
and left arrow keys. The right arrow 
key moves forward a frame, and the 
left arrows key moves backward a 
frame. Students can therefore go 
back to a pievious frame. Directions 
to do this w^ere placed at the bottom 
of each text frame. 

Knowing how^ to insert a disk into 
the disk drive, turn on the com- 
puter, and touch the arrow keys is 
all the computer knowledge stu- 
dents need! Students learned this 
very quickly. Just to make sure they 
remembered, we put directions for 
inserting disks and turnmg on the 
computer on the blackboard in the 
mini-microcomputer laboratory 
that students used. 

We have three tutorials at present. 
One is on excitation-contraction 
(.ouplingfor skeletal muscle, one on 
several aspects of nervous system 
physiology (re.sting membrane 
potentials, action potentials, and 
synaptic transmission), and one on 
the protein phosphorylation theory 
of hormone and neurotransmitter 
action. We are writing more tuto- 
lials on other physiological con- 
cepts since w-e have had very posi- 
tive results from the three we have. 

The students b^avo open access t ) 
the computer laboratory. When the 
above subjec ts are being discussed 
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Excitatory Synapse — Transmitter co^m 
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Na+ mopes into (eU, resulting in on EP^. 



Outside, 
cell 5^ » 



^Neuro- { 
{transaitterj^l" 

i Cell 
-Metbr, 




Inside • ^ 30 



Diagram of tubular systera The T-tutwies are 
extensions of the sarcdenM. Notice the I bafxl, 
rhe fl band and the H-zone ii^here there are only 

tUck flldiefitS 



sarcoieiM r 





<>-^ ' R band 

thick 
J^--^ filaients 



^ — sarcomere-) 

\^ Sarcoplasici""'""""""'""* 
i<i^reticuluft 



/z-line. 



tubule 



FIGURE 1. Kxaniph^s of two frcUiHis of tlu? ".siidt? .show " crmUkI with MoUMrptiint 
cind Frameup software on an Apple !! computer. 



in lecture, we see students in the 
computer laboratory all of the time. 
Unfortunately, we do not have a 
statistical analysis of changes in 
student understanding (as reflected 
in test scores). This type of analysis 
is difficult because we do not feel 
that students should be asked to 
state on their test whether or not 



they used the computer. We do not 
wish to put pressure on students at 
this time to use the computer. 

However, from a qualitative 
standpoint, we have seen changes 
in test scores of struggling students. 
These changes were observed from 
tests over material that did not 
utilize the computer to the material 



that did. In some instances, thero 
w(»re dramatic, inc.reastJs in test 
scores. Since our class(3S ar(3 rela- 
tively small, we get to know our 
students personally, so we can ob- 
s(;rve these chang(?s. 

Student interest in con:puter use 
is reflected in the question: ' \Vhor(; 
is the computer program on the next 
topic?" Disappointment is obvious 
when the students are informed 
that, unfortunately, there are no 
more right now. 

In conclusion, we have found that 
slide show tutorials presenting dif- 
ficult physiological concepts are re- 
(,eived well by students. The tutu- 
rials seem to increase understand- 
ing of these concepts. They are 
fairly easy to write and can be done 
by someone with no programming 
experience. The documentation for 
Frameup and Mousepaint is excel- 
l(,nt. We would recommend this 
t)pe of computer use for life science 
classes at the community college 
level and frcishman. sophomore, 
and perhaps junior levels in a four- 
year institution. 



PROFESSIONALS IN COMPUTER-BASED 
EDUCATION AND TRAINING 

Ronald C. Comer 

Dirision o/ Conipufin'^ S( 



The Association for the Develop- 
ment of Computer-based Instruc- 
tional Systems (ADCIS) is a pro- 
fessional association of educa- 
tors and trainers who have devel- 
oped a substantial interest and ex- 
pertise in the use of computer 
technology in education. ADCIS 
provides a professional focal point 
for all educators, from elementary/ 
secondary schoolteachers to uni- 
versity professors, from profes- 



sional trainers in business and in- 
dustry to computer-based military 
ai d naval training, and from the 
computer expert to the content spe- 
cialist interested in using this 
amazing new tool in a tJassroom 
environment. ADCIS provides a 
forum for communications, for 
shar^* knowledge and experiiMice. 
and for learning how to imphMiitrnt 
computer-based educational mate- 
rials in a wide variety of curricula 



and classrooms. ADC>IS is a profes- 
sional network linking theuiists. 
practitioners, technicians, and ad- 
ministrators. 

The purposes of the association 
an; as follows. 

1) to advance the investigation and 
utilization of computer-based 
instruction and computer- 
managed instruction. 

2) to promote and facilitate the in- 
terchange of information, pro- 
grams, and materials in the best 
professional and scic;ntific 
tradition. 

3) to reduce redundant effort 
among developers, and 

4] to specify requirements and 
priorities for liardw^are and 
software dtjvelopment and en- 
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courage and facililale ihoir 
realization, 

ADCIS history parallels the his- 
tory of coniput^s-based education. 
Formed in the latter part of the 
1960s, ADCIS initially grew rap- 
idly, stabilized during the .id- 
die part of the 1970s and iid^ ma- 
tured into a professional commu- 
nity of scholars devoted to this 
emerging discipline. With the ad- 
vent of microcomputers and the 
current (),;plosion of interest in 
computer-based education and 
training. ADCIS membership is in- 
creasing dramatically. Innovative 
programs, publications, and other 
benefits rc^flect the changing nature 
of our educational systems. 

People with many different per- 
spectives, btickgruunds. and exper- 
tise come together to form an A DCAS 
membership that is willing to share 
inthecommon goal of excellence in 
instruction through effective use of 
computer technology. An interna- 
tional not-for-profit association 
with a worldwide membership, 
ADCIIS provides an ideal mech- 
anism for advancing the field of 
computer-based instruction. 

The association is ^Jiaracterized 
by the interactions of both gener- 
alists and specialists. Spiicial inter- 
est groups provide the opportunity 
for ADCIS members to interact with 
other professionals who wish to 
specialize or focus on particular 



aieas Areas of special inteiest cui- 
rently incJude the following: 

1) computer-based training, 

2) elementary/secondary/junior 
college educators. 

3) educators of the handicapped. 

4) health education. 

5) home ecunomics. 
()) implementation. 

7) IIS. 

8) mini-microcomputer users. 

9) music educators. 

10) PLATO users. 

11) theory and research in com- 
puter-based instruction, and 

12) interactive video/audio. 

AIX^IS publications and annual 
meetings provide the opportunity to 
share infoimation of a general na- 
ture for all computer-based educa- 
tion professionals, as well as an op- 
portunity for those with special 
interests to interact in smaller dis- 
cussion groups. ADCIS chapters are 
a regional outreach mechanism for 
members to periodically get to- 
gether to share their ideas and expe- 
riences. In the very near future, 
these regional chapters will be sup- 
ported by. and will be supporting, 
the implementation of a variety of 
workshops for educators will all 
levels of experience in using com- 
puters in instruction. 

The associtition provides its 
membership with a bimonthly 



newsletter, <i (|u<iiteily lefereed 
journal of research studies, interest 
group newsletters, chapter meet- 
ings, workshops across the United 
States and Canada, and an annual 
meeting for the entire membership 
to participate in a program of pre- 
sentations, exhibits, and demon- 
strations related to the use of com- 
puters in instruction. 

ADCIS IS one of the few profes- 
sional organizations at this time to 
furnish an opportunity for elec- 
tronic communications among its 
membership. ADCIS-Net is a major 
new service providing the facilities 
for members to carry out electronic 
communications throughout the 
year on a variety of topics and issues 
associated with this field. In addi- 
tion, electronic data bases will soon 
become available to assist members 
in their research efforts as well as 
support their need to identify other 
professionals working in similar 
areas throughout the United States. 
Canada, and many other countries 
around the world. 

ADCIS is an dctive. dynamic pro- 
fessional as.sociation dedicated to 
adapting its publications, its pro- 
gram, and its communications ve- 
hicles to the needs of ito member- 
ship. Membership information can 
be obtained from Mr.Cjordon Hayes. 
ADCIS International Headquarters. 
409 Miller Hall. Western Washing- 
ton University. Bellinghcnii, WA 
98225. 
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COMPUTER-BASED EXAM CONSTRUCTION 
IN MICROBIOLOGY AND 
IMMUNOLOGY: THE MITI BANK 

WJ. Meinke 

Dcp(irinwi\t of Minohioloij,},' (imi Immunohn^v, ColU^^^r oj Mcdu iiu\ Vnnrn^itv of 
Armmd. Tucson. Air/.ona 



Teachers of basic science medical 
education, like other teachers, often 
are faced with the yearly task of 
creating new exams consisting en- 
tirely of new test items. After a few 
years the task becomes increasingly 
difficult for the educator to compose 
yet another new exam. In micro- 
biology and immunology, the 
problem of writing new exams 
containing new test items has 
largely been resolved by establish- 
ing a centralize(^ Microbiology- 
hnmunology Test Item bank. MITI 
Bank. 

MITI Bank was established 
through the auspices of the Associ- 
ation of Medical School Micro- 
biology Chairmen (AMSMC). The 
AMSMC solicits questions for the 
MITI Bank, which are reviewed by 
an editorial board to insure that test 
items are accurate. To date the 
number of test items in the MITI 
Bank exceeds 2900 These test items 
fall into six major subject designa- 
tions: bacteriology, immunology, 
infectious disease, mycology, 
parasitology, virology. Each of the 
six major subject designations is 



further sul)divided into appropriate 
divisions. For example, virology is 
subdivided into the families of vi- 
ruses known to infect man. These 
subdivisions allow for easy retrieval 
of pertinent test items when an 
exam is to be created from the test 
items in the MITI Bank. 

Each test item has a code number 
that is used for its retrieval from the 
MITI Bank computer. In addition to 
the actual test item, each may be 
accompanied by its entry date into 
the computer, its last update, the 
major subject code, a short key de- 
scription, and the institution and 
person who submitted the question. 
Finally, the correct answer for each 
test item is given. 

To construct a test using the MITI 
Bank computer is relatively easy. 
After reviewing the retrieved test 
items, the computer is instructed to 
construct a test using the code 
number of each test item. The com- 
puter, in turn, randomly lists the 
test items and subsequently con- 
structs the test. Only a few minutes 
are required to print out the test 
using a variety of software compati- 



ble to the central MITI Bank com- 
puter. 

Presently, about one-half of the 
medical schools in the United States 
and Canada subscribe lo the MFfl 
Bank. About one-half of these uni- 
versities have submitted test items 
to the MITI Bank. Additional test 
items are being added routinely, 
and it is quite conceivable that the 
bank of test items will surpass the 
5000 mark in the near future. When 
one considers that the average mi- 
crobiology exam at the University of 
Arizona consists of 50-60 test 
items, it can readily be seen that a 
central pool of 3000-5000 test items 
allows for the creation of numerous 
exams. 

It is obvious that the MITI Bank 
computer allows the teacher con- 
siderable flexibility in creating new 
exams. However, there is another 
valuable benefit. By reviewing tlie 
test items in the MITI Bank, a 
teacher can learn what his peers be- 
lieve to be important course mate- 
rial. The number of test items on a 
subject should give indication as 
to the importance of the material. 
Thus a teacher can gain consider- 
able insight into what his col- 
leagues across the nation believe to 
be important and necessary course 
material. This, m turn, allows a 
teacher lo review his own course 
material and. if necessary, make ap- 
propriate changes. The outcome is a 
better course with the students the 
ultimate benefactors! 
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ELSEVIER 



National networking of computer- 
based educational materials (CBE) 
has been possible for many years, 
but it was not untii the micro- 
computer explosion that wide- 
spread interest in this communica- 
tion mechanism appeared. With 
microcomputers and modems, 
thousands of individuals have be- 
come potential end users of CBE 
materials. In the health sciences, 
CBEmaterials have been networked 
for over ten years, but new pos- 
sibilities for continued growth and 
usefulness are emerging. 

Recently PC World contained an 
article on "The Electronic Univer- 
sity," whereby "education by 
modem becomes a reality.'*^ In 
many professions networks of 
computer-based resources have 



been developed for training or in- 
formation resources. The American 
Bar Association (ABA) has devel- 
oped ABA/Net, an electronic mail 
and conferencing service. Legal 
data-bases such as WESTLAW. 
LEXIS, and INFOLAW provide texts 
of court decisions . case-law librar- 
ies, directories of law journals, and 
other resources for the legal profes- 
sion. ^ The American Medical Asso- 
ciation has organized a database 
service for physicians that includes 
educational programs and informa- 
tion databases for diagnostic and 
treatment purposes. CompuServe, 
an "information utility/' has 
130,000 subscribers who access a 
variety of database services and 
have formed numerous special 
interest groups (SIGs) for the ex- 
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change of information on an infor- 
mal basis. Two of the most active 
SIGs aie the aviation and the medi- 
cal interest groups, and continued 
growth is projected as more profes- 
sional groups recognize the value of 
communicating through electronic 
bulletin boards and acceosing elec- 
tronic information of professional 
interest. 

The development of asj^nchron- 
ous technology and the ASCII 
portocol encouraged the growth of 
networking. Remote users with rel- 
atively low cost terminals can ac- 
cess computer systems over con- 
ventional telephone lines, either 
through dedicated local cables, 
leased telephone circuits, or dial-up 
connections. "The asynchronous 
serial line offers tue ordinary user a 
high degree of convenience and 
control in establishing inter-system 
connections — at low cost."^ 

The history of national network- 
ing begins with ARPANET (Ad- 
vanced Research Projects Agency) 
which was developed in the late 
1960s by the federal government for 
research purposes and interinstitu- 
tional sharing."* From this early ex- 
perimentation in remote computing 
came the development of "Value 
added networks" (VANs). Two of 
the eai^liest and best known VANs 
are TYMNET and TELENET. These 
networks allow public access to a 
variety of database services usually 
through a local network telephone 
linkage to a network node (mini- 
con puter). VANs have aUevi- 
ated the need for database services 
to maintain their own private net- 
works. With the widespread 
availability of microcomputers, in- 
formation utilities oriented to the 
individual user began to develop, 
linking the user to a variety of in- 
formation databases. These utilities, 
most notably The Source and Com- 
puServe, used existing telecom- 
iiiunication networks until Com- 
'^uServe developed its own tele- 
communications data network. 

In ihe health sciences, a unique 



national networking experiment 
was conducted in 19/2. This ex- 
perimental network was conducted 
by the Lister Hill Center for 
Biomedical Communications (Na- 
tional Library of Medicine). Com- 
puter assisted instructional mate- 
rials at the Ohio State University 
College of Medicine, the Massachu- 
setts General Hospital, and the Uni- 
versity of Illinois Medical Center in 
Chicago were made available to 
medical institutions throughout the 
nation. Users of the Lister Hill Ex- 
perimental CAI Network were re- 
quired to provide an ASCII- 
compatible terminal and a modem 
that would allow access to a local 
node of TYMNET. The end usei was 
then able to interact with the health 
sciences educational programs at 
any of the host databases. 

In May 1975, the Lister Hill Cen- 
ter discontinued subsidy of the 
network. Network users, convinced 
of the usefulness of the sharing en- 
deavor, elected to initiate a special 
interest group, the "Health Edu- 
cation Network Users Group," 
within the Association for the De- 
velopment of Computer-Based In- 
structional Systems (ADCIS). 
Thi ough this organization the early 
users of the network fulfilled the 
immediate goal of preserving and 
enhancing inter-institutional shar- 
ing of CAI resources and technology 
as initiated in the Lister Hill Ex- 
perimental Network. Fromthat time 
to the present, health related 
computer-based educational mate- 
rials from both OSU and MGH con- 
tinue to be provided for use as pri- 
mary and continuing health educa- 
tion for a variety of users including 
medical, nursing, dental and allied 
health schools, university affiliated 
and community hospitals, technical 
schools, research projects, national 
medical organizations, and indi- 
vidual professionals.^ 

The use of remotely accessed 
computer assisted instruction var- 
ies from institution to institution, 
ranging from a required part of a 



curriculum to an adjunct learning 
resource available in the health sci- 
ences library learning center. Many 
institutions make the materials 
available for remediation or ad- 
vanced work, taking advantage of 
such special characteristics of CAI 
as individualized instruction, self- 
pacing, flexibility of access, and 
immediate feedback. 

In two recent research studies, the 
University of Michigan and the 
University of Oregon used patient 
simulation programs from OSU to 
help medical students develop 
skills in history taking and diag- 
nosis. These materials, CASE 
(Computer Aided Simulation of the 
Clinical Encounter) and TAKEHX 
(History Taking) are part of a li- 
brary of over 500 hours of computer 
assisted instruction available to na- 
tional network users from the Ohio 
State University College of Medi- 
ane. 

Networking educational mate- 
rials from a central database offers 
the remote user many advantages. 
The network us'^r is spared the cost 
of maintaining a computer system 
as well as the costs of developing 
and maintaining CAI programs. 
Also, the central database is respon- 
sible for updating the programs, 
although users frequently influence 
the revision of programs through 
their comments. Network users can 
share or have access to CBE mate- 
rials not available at their local site, 
the user can sample the material 
without committing large financial 
resources for up-front purchase. 
The central database host normally 
provides troubleshooting support, 
but the relative ease of network ac- 
cess makes networking a user- 
friendly experience. 

One of the greatest obstacles to 
the growth of networking has been 
the relatively high costs of tele- 
communications. When several 
hundred students access many 
hours of programming, the cost per 
institution for student access can 
reach into thousands of dollars. 
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Administrators have questioned the 
cost-effectiveness of such access, 
especially when compared to 
traditional learning resources or 
maintaining a system at their own 
siie. There may also be academic re- 
sistance to the introduction of mate- 
rials that do note quite fit into the 
curriculum and that end users have 
little control over. 

Another initial obstacle to the ac- 
ceptance of nptworking from a host 
mainframe was the unexpected 
down periods either at the host site 
or in the national ".Jtwork. Most 
systems today, however, have re- 
solved technical problems of access 
and run very reliable and stable 
systems. 

An additional problem for some 
users is the rate of transmission in a 
networked environment. Twelve- 
hundred baud or 120 characters per 
second is the maximum available 
via a dial-up network, in fact, 300 
baud is a more common transmis- 
sion speed and can be distracting to 
someone who is accustomed to in- 
stant screen displays. 

Other barriers to growth have 
been a lack of appropriate course- 
ware in many academic areas and a 
lack of incentives for courseware 
development. In addition, it has 
taken time for instructional design 
techniques for CAI to develop to the 
point where the power of the com- 
puter is used in a sophisticated 
fashion. 

Microcomputers are changing 
how computer-based education is 
perceived by educators. Recently 
there has been a burst of activity in 
courseware development, and in- 
stitutions are beginning to address 
some of the issues involved in fac- 
ulty development of courseware, 
such as royalties, co' rights, and 
credit as a scholarly r-ifort. 

Ir he June 1984 issue of BYTE, 
several articles point to the growing 
utilization of microcomputers on 
col! '3 and university campuses. 
Networking is perceived as a deliv- 
ery mechanism for "electronic mail, 



student bulletin board and infor- 
mation services, and electronic li- 
brary catalogs as well as communi- 
cation among faculty, students, and 
staff.**^ Although national net- 
working of educational materials is 
not described as part of the envi- 
ronment, the microcomputer can 
function as a terminal and. with 
proper communications equip- 
ment, can access national databases. 
Of course, payment for this access is 
the critical question, as well as sys- 
tem security when microcomputers 
with RS232 ports proliferate to 
every classroom and dormitory. 

Microcomputers as stand-alone 
Hevices offer some of the advantages 
not currently available through 
networking: no down peiiods ex- 
cept for equipment failure; no tele- 
communication costs; availability 
of graphics; faster transmission 
speed; and possession of the CAI 
material. However, microcom- 
puters continue to present prob- 
lems as educational tools. Com- 
plex tutorial programs require 
several floppy disks for adequate 
storage. Screen size puts certani 
limits on design and graphics, and 
program exchange will require use 
of a mail service with the t^ssociated 
time delays and hazards. Student 
management reporting is logisti- 
cally more cumbersome. Program 
exchange is further hampered jy 
incompatibilities among micro- 
computer systems. 

The future of sharing computer- 
based educational materials proba- 
bly will rely on a combination of 
technologies that will include local 
and national networking. A possi- 
ble scenario could include remote 
distributed processing whereby an 
end user thousands of miles away 
may dial up a host database via the 
network and request that a program 
or programs be downloaded to a 
hard disk for utilization on a local 
micro-computer. The telecom- 
munications cost for downloading 
would be minimal when compared 
to on-line interaction time for stu- 



dents. Student responses could be 
uploaded to the host database and 
processed for management or re- 
vision purposes and then the re- 
sulting information could be 
downloaded to the remote user 
upon request. This combination of 
microcomputer and networking 
technology should create the 
broadest and richest learning expe- 
rience, assuming that appropriate 
materials exist for sharing and in- 
compatibilities between systems 
can be overcome. 

The history of networking com- 
puter assisted instruction, espe- 
cially in the health sciences, has 
been a continuous one since the 
early 1970s, and the value to end 
users has been established. How- 
ever, the cost of developing com- 
puter assisted instruction and then 
maintaining a network are not tri- 
vial; the fact that relatively few net- 
works were developed or remain 
operational is an indication of the 
difficulties involved. 

National networks offer many ad- 
vantages to the user, and the ex- 
change of educational materials 
wili continue to be valuable in the 
future. The challenges for educators 
wishing to share materials are to re- 
duce the cost of telecommunica- 
tions, develop materials appropri- 
ate to audiences in remote locations, 
to update those materials on a reg- 
ular basis, and to overcome techni- 
cal barriers presented by the in- 
compatibility problem. 

One educator has noted that " *an 
environment that is densely popu- 
lated with computers represents a 
new type of world.' The chal- 
lenge is to mold that new world in a 
positive way to achieve appropriate 
education?! objectives. 
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Faculty members have been usin^', 
computers in bioeducation at Notre 
Dame for over 15 years. This results 
from our long-term phiiosophy that 
the wise use of computers can en- 
hance all levels of education in the 
life sciences. Whenever possible we 
hire faculty who actively use com- 
puters in education or at least are 
receptive to considering their use. 

The Biology Department has pro- 
vided both computer hardware and 
software assistance to any faculty 
m ;mber who indicates a desire to 
explore how computers might en- 
hance his or hers course. Sometimes 
this requires only the assignment of 
hardware . At other times the profes- 
sor has no computing experience but 
does see how computers may helpin 
part of a course. In such cases a 
graduate or undergraduate biology 
student with computing experience 
is assigned to work with the profes - 
sor to produce a useful and reliable 
bioeducation computer module. 
Over the years the above philosophy 
and its resultant activity has raised 
theconsdousness of the department 
towa rd educational computing . This 
ir. turn helped to create a need for a 
formal course in Computers In 
Biological Education (GIBE: pro- 
nounced as cyber!). 

The purpose of this paper is to de- 
scribe the course, its activities, what 
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worked and what did not, and other 
related issues. Of special interest is 
the fact that the course has been 
taught in two modes and to a dif- 
ferent clientele in each . I have taught 
it as a regular semester course to 
Notre P^me biology students and as 
a special, summer, one- week, inten- 
sive short-course to biology faculty 
from colleges and universities 
throughout the United States. I em- 
phasize that this is not a course in 
Computers In Biology that centers 
on research. It does not consider 
biological research uses of com- 
puters at all. My Notre Dame col- 
leagues offer three other courses on 
that topic. 

COMPUTERS IN 
BIOEDUCATION TODAY 

To appreciate more completely cer- 
tain aspects of Notre Dame's GIBE 
course, we must consicer ihe status 
of GIBE at both Notre Dame and the 
national level. ^-^ Biology is like 
other fields in many ways. Some 
older faculty are intimidated by a 
device that they feel may replace 
them as a teacher instead of assisting 
them. There is a scarcity of 
pedagogically sound, biologically 
meaningful software. GIBE interest 
has greatly accelerated since the 
availability of microcomputers. 
These and other factors have 



produced two extreme types of 
biologists interested in GIBE: those 
who already are familiar ^.vith com- 
puter systems and programming; 
and those who have no background 
in programming or even in com- 
puter use, but have a strong desire to 
investigate this device that promises 
to enhance education (and also is 
popular and prestigious!). In addi- 
tion some bioeducators have avail- 
able only one type of computer while 
others have a variety. Some may 
have access only to a campus main- 
frame computer, or to a stand-alone 
minicomputer, or perhaps only to 
microcomputers. But other biolo- 
gists have all three types avail- 
able. The GIBE course at Notre Dame 
must accommodate participants 
with different combinations of these 
traits. 



COURSE COriTENT 
The GIBE course covers the follow- 
ing topics. 

1) A GIBE Overview. It presents 
basic concepts of computers, of 
bioeducation, and of both com- 
bined . The goals and history of GIBE 
are discussed as are an overview of 
when, where, and how to use GIBE. 

2) Gomputer Systems. Gomputer 
systems are presented as consisting 
of three parts, all essential: hard- 
ware, software, and people. Partici- 
pants use some of the more than 50 
GIBE programs available on various 
mainframe, mini-, and micro- 
computers at Notre Dame to be- 
come familiar with the pros and cons 
of the different systems and of the 
GIBE modules. 

3) Bioeducation. Since biology 
teachers at thecollege and university 
level are not required to have taken 
even one education course, many 
are unfamiliar with even basic edu- 
cation concepts (eg. Bloom's taxon- 
omy). These are discussed with 
readings from books like Hoover*s.^ 
Additional topics include bioeduca- 
tion as a multistage decision process , 
educational strategies, evaluation of 
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bioeducation modules , and the pos- 
sible use (and misuse) of computers. 

4) GIBE Module Case Studies. 
Participants become familiar with 
GIBE prograrns and projects avail- 
able at Notre Dame to see in more 
detail howcomputerscanbe used in 
bioeducation. Different programs 
demonstrate combinations of infor- 
mation retrieval, data analysis, 
simulation, decision maldng, ex- 
perimental control, course review, 
etc. 

5) Greation of a GBE Module. 
Each person in thecourseis asked to 
create one or more GBE modules 
that are sophisticated both in their 
biological content and computer 
technology. The GONDUIT Au- 
thor's Guide'' is used extensively to 
convey the rules and strategies of the 
design, development, style, pack- 
aging, and review of a GIBE 
mudule. Gourse participants choose 
a particular target course [ jg. Ge- 
netics, Parasitology) and consult 
with teachers about what part of the 
course might benefit from computer 
use. This has had the valuable by- 
product of subt^/ introducing many 
hesitant professors to GBE , in both a 
meaningful and friendlv way. GBE 
creation is presented as a multistage 
decision process.^ That is, GBE cre- 
ation involves many stages and sub- 
stages, and decisions must be made 
at each of them (eg, the interactive 
strategy , choice of models to use in a 
simulation). The important point is 
realized that such decisions made in 
the creation of a GBE module de- 
termine whether it will be an educa 
tional success or failure. 

6) Evaluation of a GBE Module. 
We discuss criteria for the evaluation 
of a GBE moduie. These cover 
biological, computer, and other as- 
pects. Problems and disadvantages 
areconsidered , as are the difficulties 
of carrying out formal , meaningful , 
statistical analyses. 

7) GBE Day. The final meeting of 
thecourse is a day of celebration and 
demonstrations of student-pro- 
duced GIBE modules. A schedule 



is widely distributed around 
the campus. Everyone is invited 
to attend the first public dem- 
onstration of the newly created 
GIBE 

modules . GBE day has proven to be 
valuable to the participants because 
during the course it ^.ves them an 
event and date on which to focus, 
and also lets them share their cre- 
ations with others. 

The diversity of GBE mod'iles 
created by course participants has 
been large. Examples include mod- 
ules dealing with osmotic and ionic 
regulation, acid and base balance in 
animals, nerve function, the respira- 
tory physiology of animals, a simula- 
tion of a ginseng population pest 
control by pathogens and pesticides , 
and tree identification using a mi- 
crocomputer that also controls a 
videotape. 

THE CEBE COURSE IN THE 
REGULAR SENfESlTiR 
Notre Dame students taking the 
course in the regular semester in- 
cJude biology or premedical under- 
graduates and biology graduate stu- 
dents. Some have a programming 
background, and some do not. They 
are told at the outset that thecourse 
will »: J demanding of their time, 
both for creativity and routine pro- 
gramming. To provide further moti- 
vati' , students were asked to carry 
out a joint role. They (and I too) were 
to assume we were a team from 
BIOxJUND, a consulting firm for 
educational computing. Further- 
mce, we assumed that our team 
had been hired by Notre Dame's Bi- 
ology Ghairman to study and pro- 
pose how computers could enhance 
bioeducation in specific courses in 
the department at Notre Dame and 
to create actual computer modules 
This role playing proved very bene- 
ficial for several reasons. It moti- 
vated the students towards the goals 
of thecourse, but it also demanded 
that they take the initiative in many 
ways, eg, in seeking out the profes- 



sor in the coursu they chose, in of- 
fering suggestions to the professor 
on aspects like the best interactive 
strategy to use in the computer 
module. Furthermore, by giving 
each student the freedom to choose 
their own biology area, they would 
be working in an area they liked and 
in which they already had a back- 
ground. Tliis latter point is impor- 
tant for two reasons: time during the 
GBE course to learn the biological 
subject matter was minimized; and 
the GIBE course provided a mean- 
ingful opportunity for each student 
to efficiently reinforce his grasp of 
the subject. 

Additional motivation for stu- 
dents in the GIBE course was ef- 
fected by thar knowing on the first 
day of classes that almost all of their 
grade would be based on the value of 
the GBE modules they created and 
demonstrated to their peers and pro- 
fessors. Likemostof us, students are 
most concerned about peer evalua- 
tion. They also were toid that their 
classmates as well as che professor 
would be formally evaluating their 
modules. All of theabove re^aitedin 
a solid team approach because they 
knew they were not competing 
against each other. For example, at 
several critical stages in the creation 
of a course module, a student was 
required to present a module flow- 
chart (not a program code flowchart) 
in class. Other students in the class 
frequently offered excellent sug- 
gestions to improve the module's 
interactive str< egy. As another 
example, in the minutes before 
classes started, it was a common oc- 
currence to see one student helping 
another with a programming prob- 
lem. 

Another positive motivating fac- 
tor for students was the realization 
that creation of GIBE modules w'as a 
rare opportunity tocontribute some- 
thing to the educational system in- 
stead of being only a student recipi- 
ent. The knowledge that future stu- 
dents in other courses at Notre 
Dame a-.d elsewhere would be using 



ERIC 



4A 

0742-.3233/84/$0 00 4 2.00 (T) 1984 HY KUSEVIER SCIENCE PUBIJSUINC; CO , INC 



46 



COMPUTKRS IN UFK SCIKN'CK KDllCATION. VOLUME 1. NUMHKK b. SKFrKMHKK r)84 



.heir GIBE modules was important 
to them. 

The format of this three-credit 
course began as three lecture periods 
per we k. Lectures covered two 
topics. The first presented the state 
of the art of CDBE at the national 
level, of computer systems, of con- 
cepts of bioeducation, etc. The sec- 
ond set of alternatinglec'iure periods 
were devoted to the mechanics of 
actually creating a good GIBE mod- 
ule. They included presentations 
and discussions of flowcharting, 
computer graphics, and critiques of 
primitive GIBE modules which thty 
had run. 

By midsemester, attention fo- 
cused completelv on their own 
modules . Each student was required 
to create 4 or b **civilized" programs 
(including Help menu, user protec- 
tion, user friendliness, and of course 
biologically valuable content). For- 
mal lectures were replaced by indi- 
vidual weekly meetings between the 
professor and a student. The entire 
class met together about once per 
week or two to discuss common 
problems and suggestions. To help 
students budget their time, each ha J 
to create a schedule indicating on 
which date each task of the GDBE 
module creation process would be 
completed. The one invariant date 
was GDBE Day, the la.^ day of classes 
on which the oral presentations of 
their GEBE modules would occur. 
Each student was urged to finish one 
GIBE module completely as early as 
possible to obtain a realistic idea of 
the total time required for one mod- 
'»'e and thus for four or five. 

CDBE Day, in which each .student 
demonstrates his completed mod- 
ules to his peers and professors, is 
always a day of amazement and 
pride. Everyone is amazed at the 
sophisticated and biologically 
meaningful modules, and each stu- 
dent is proud of his accomplish- 
ments, which now become part 
of his curricul umvitaeandmaypro- 
vide that competitive edge in secur- 
ing a good job. 



THE CIBE COURSE IN ONE 
INTENSIVE WEEK 

I have also offered the GEBE course 
as an intensive, week long , summer 
workshop for faculty from other 
colleges and universities. Such par- 
ticipants come highly motivated but 
with a diversity of computer back- 
grounds. Some have no experience 
at all . The week is intensive , but it is 
still only a week. Thus we ask par- 
ticipants to arrive at Notre Dame 
with ideas about how com iters can 
be used in specific parts of the 
courses they teach. If they have had 
no programming experience, we 
send them a primer on the BASIG 
language and ask that they study it 
thoroughly. 

The first morning is devoted to an 
overview of computers, computers 
in biology (including research), and 
more specific aspects of computers 
in bioeducation. The afternoon and 
evening involves their actual use 
and evaluation of several primitive 
and civilized GEBE programs. Those 
without programming experience 
are instructed in BASIG, Their as- 
signments tor the next day are to 
create a program flowchart of one of 
the available primitive programs, to 
suggest improvements to it, and to 
create a conceptual flowchart of their 
proposed CDBE module (each par- 
ticipant is urged ,0 create and com- 
plete one GIBE module during the 
week). The second day and sub- 
sequent days (and nights!) involves 
their work at computer terminals, 
discussion of primitive versus 
civilized programs, oral presenta- 
tions of their proposed GIBE mod- 
ules, the GONDUIT Author's 
Guide, documentation, and fine 
tuning. 

A general discussion of bioeduca- 
tion and the role of GEBE i n it is held 
whenever time allows, usually 
toward the end of the week. Some 
participants find these discussions 
to be valuable enough to justify the 
entirecourse.VVhy?Because as men- 
tioned earliei , college and university 
professors are not required to take 



even one education course, and thus 
many have never stepped back to 
evaluate their teaching effectiveness 
in an or ^anized way . In other words, 
before responsible teachers can truly 
decide to use computers in their 
courses, they must know what their 
goals are. Computers also seem to 
havL played an analogous role in 
some areas of biological research. 
For example, before the use of com- 
puters in plant and animal taxon- 
omy, a researcher often would pro- 
pose a phylogenetic tree biased on 
some unexplain^ble procedure. Use 
of computers does not guarantee 
production of true phylogenetic 
trees, but it does demand that re- 
searchers adopt logical procedures 
and produce testable hypotheses. 

While the GIBE course is con- 
stantly evolving, both students 
and faculty seem to come away 
highly motivated and pleased with 
their accomplishments. Several fac- 
ulty participants expressed not only 
a more positive attitude towards 
GDBE but also tovvards biology 
teaching itself. 
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KEEPING ABREAST OF THE LITERATURE 



This month's list of references perti- 
nent to use of computers in life sci- 
ence education is the second in a 
series that will become a quarterly 
feature in CLSE.The first list, which 
appeared in the June issue, covered 
a six-year period and was designed 
to illustrate the scope of journals 
publishing reports in this topic area. 
This month's feature focuses on re- 
ports that appeared in 1983. 

Asbury A J: ABC of computing. Com- 
puters in medical education. Br Med 
J[Clin Res] 287:887-890, 1983. 

Barker PG et al: A practical introduc- 
tion to authoring for computer-assisted 
instruction. Part MPS. Br J Educ Tech 
14:26-45, 1983. 

Bright GW: Explaining the efficiency 
of computer-assisted instruction. AEDS 
Journal 16:144-152, 1983. 

Butcher PG et al: Tutorial CAL and 
biology education . J Biol Educ 17:43-50 , 
1983. 

CrovelioTJ: Computer center: a diver- 
sity of publications on educational com- 
puting. Amer Biol Teach 45:167-169, 
1983. 

Day M| et al: Computer simulation of a 
microbial genetics experiment as a 
learning aid forundergraduate teaching. 
J Biol Educ 17:40-42, 1983. 

GeyerTA: An introduction to writing 
computer programs in ecology, its edu- 
cational value. J Biol Educ 17:237-242, 
1983. 



Goodridge F. The teaclung of protein 
synthesis — a microcomputer based 
me*hod. J Biol Educ 17:222-2 '4, 1983. 

Harris AL: Microcomputers in the 
college environment. CAUSE/EFl'ECT 
6-6-11, 1983. 

Lehman JD: Microcomputer simula- 
tions for the biology classroom, j Com- 
put Math Sd Teach 2:10-13, 1983. 

Leveridge LL: The interactive 
videodisc. MOBIUS 3:68-72, 1983. 

Levin W: Interactive video: the state- 
of-the-art teaching machine. Comput 
Teacher 11:11-17,1983. 

McDonald CJ: Computer technology 
and continuing medical education: a 
scenario for the future. MOBIUS 3:7-12, 
1983. 

McMarr S: Computer applications in 
education and training: taldng that first 
byte. An overview of the field. Comput 
Programs Biomed 17:181-189, 1983. 

McMarr S: Computer applications in 
education and training: taldng that first 
byte. The process. Comput Programs 
Biomed 17:175-179,, 1983. 

Montagu -5 WE et al: Quality CBI de- 
pends on quality instructional design 
and quality implementation. J Com- 
puter-Based Inst 10:90-93, 1983. 

Pagliaro LA: CAI in pharmacology: 
student academic performance and in- 
structional interactions. J Computer- 
Based Inst 9:131--144,, 1983. 

Painter JH: Approaching computer- 
based education, how will the university 
respond? National Forum: Phi Kappa 
Phi J 63:20-22, 1983. 



Park D: Taxij, through computer 
simulation programs. J Biol Educ 
17:225-230, 1983. 

Pearson RE et al: Experience with 
computer-assisted instruction in drug 
literature analysis. Am J Pharm Educ 
47:108-112, 1983. 

Pickering PW: A microcomputer pro- 
gram to show the effects of selection on 
gene frequencies. Sch Sd Rev 64:789- 
791, 1983. 

Rothe CF: Trends in physiology 
teaching laboratories for medical stu- 
dents— 1982. Physiologist 26.148-149, 
1983. 

Shortliffe EH: Problems in imple- 
menting the computer for continuing 
education. MOBIUS 3:52-55, 1983. 

Simon FA: Computer analysis of resi- 
dency training. J Med Educ 58:585-586, 
1983. 

Smith SR: An evaluation of a com- 
puterized exercise in teaching cost con- 
sciousness. J Med Educ 58:146-148, 
1983. 

Utsch MJet al: Generator program for 
computer-assisted instruction: 
MACGEN. A software tool for generat- 
ing computer-assisted instructional 
texts. Comput Programs Biomed 
17:167-174, 1983. 

Waller W: Development of a com- 
puter-assisted behavioral skill training 
system. J Dent Educ 47:107-109, 1983. 

Watson JE: The impact of technology 
on the future of heJthAllness education. 
Health Educ Q 10:95-105, 1983. 

Compiled by H. Modell 
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SOLVING AN 

INSTRUCTIONAL PROBLEM 
WITH INTERACTIVE VIDEO 



Mary Lou Mosley, Naomi 0. Story, and Jim Walters 

Maricopa Community College District and Maricopa Technical Community College, 
Phoenix f Arizona 



How can you teach respiratory ther- 
apy students to differentiate lung 
sounds when they auscultate the 
chest? They easily can learn to de- 
fine the sounds and describe their 
characteristics. However, insuring 
that the students and the instructor 
hear the same sound is difficult when 
using traditional teaching methods. 
Providing enough review of the 
sounds and practice to meet varying 
individual needs also is hard and 
time-consuming. Some students can 



differentiate the sounds quickly, 
while others need a lot of review and 
practice 

An interactive videotape system 
appears to be the instructional 
method that best solves our prob- 
lem. An interactive video system is a 
combination of videotape or disc, 
which provides much of the instruc- 
tion, and a microcomputer, which 
accepts student input and controls 
the video. We are using an APPLE 
//e with a BCD Associates interac- 
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tive interface board and a Panasonic 
video cassette recorder and monitor. 
The interactiveness of the computer 
is enhanced by the advantages of 
video such as motion, sound, close-up 
shots, and colon 

Sound was the key factor that 
indicated to us that interactive video 
was better than just computer- 
assisted instruction. We had exam- 
ples of lung sounds th*.. we could 
record onto the audio track of the 
videotape. We could then add visu- 
als to reinforce the sounds and en- 
hance learning. For example, the 
length of inhalation and exhalation 
is one way to identify lung sounds. 
While a lung sound is being played, 
lines representing inhalation and ex- 
halation could be drawn. 

An interactive video system also 
provides for highly individualized 
instruction keyed to specific objec- 
tives. We broke the lung sounds unit 
into four pa'ts: characteristics 
(pitch, intensity, duration, continu- 
ity, and inhalation/exhalation), 
bronchial lung sounds, bronchovesic- 
ular lung sounds, and summary 
practice. The computer is pro- 
grammed so that students have to 
master each part before moving on 
to the next. In addition, within each 
part, the computer will evaluate stu- 
dent input to determine if the stu- 
dent should have remediation or 
practice. The student also may selec* 
a review option. Thus, fast learners 
can proceed through the unit 
quickly, while slow onas are pro- 
vided with remediation and ad- 
ditional practice based on skill de- 
ficiencies. 

DESIGN CONSIDERATIONS 

Designing an intei ti^'e video unit 
requiras time, teamwork, and a com- 
bination of content, instnjctional 
design, computer, and video skills. 
Not only must the traditional con- 



tent and instructional design deci- 
sions such as objectivas, sequence, 
and instructional strategy be made, 
but also decisions unique to com- 
puters and video must be consid- 
ered. These decisions include how 
much and what should be on the 
computer and on viHpo as well as 
comparing the learning benefits 
versus time and programming 
cosLs. 

Since we are producing the video- 
tape for the lung sounds unit, we 
decide what content goes on th<, 
videotape and the most efficient se- 
quence to limit access time. Access 
time is the time the computer 
searches for the beginning frame of 
a videotape segment. It is the 
primary limitation of an interactive 
videotape system, especially if com- 
mercially produced videotapes are 
used. The content for a skill may be 
scattered throughout a 30 minute 
tape. Not only would access time bo 
long, but the video segments would 
be short and choppy. Previously 
faced with that situation, we put 
some of the content on the com- 
puter. 

We have had to make several 
other decisions about *he program 
dasign. We used an authoring lan- 
guage, SuperPILOT, rather than 
a programming language such as 
BASIC, or an authoring system such 
as Instructor (BCD Associates). 
SuperPILOT gave us more flexibil- 
ity in dasigning the program than 
either BASIC or Instructor. We also 
had more options with SuperPILO T 
than with an authoring system, yf t 
SuperPILOT was easier to use t!ian 
BASIC. 

Our other decisions concerned the 
degree of progrann sophistication. 
We wanted to use the interactive 
system as much as possible to indi- 
vidualize the unit for fast and slow 
students. But, we also weighed the 
learning benefits versus time and 



programming costs. For example, we 
had to decide how much branching 
and how many uifficulty levels to 
include. W^e programmed the com- 
puter to send students who missed 
two items on one sound through a 
remediation loop. Remediation in- 
cluded a review of the content and 
additional examples on the video- 
tape. Yet, we also gave students the 
option of reviewing a specific sound 
or a part of the lesson. They can 
return to the menu and type the 
letter by the sound th y wish to 
review (eg, type A for ronchi or B 
for rales). 

We also wanted to generate prob- 
lems randomly with some safeguards 
against repeating sounds in a row. 
However, we discovered that pro- 
gramming was too difficult, and 
access time too kng to justify the 
safeguards. Thus, students will iden- 
tify two practice items for each 
sound, but the items for the same 
sound may follow each other if ran- 
domly generated in that order. We 
can still use random generation 
which means students will learn the 
sounds rather than learn a pattern 
from the way practice items were 
presented. 

Although the time and eff*ort to 
design and produce this interactive 
video unit have been great, diff*eren- 
tiating lung sounds is an important 
skill. By using the interactive video 
method, students are practicing the 
skill they need — diff*eientiating lung 
sounds — and we have provided for 
individualization, review, and moni- 
tored practice with corrective feed- 
back. We hope to have this unit 
ready for students in late fall. The 
students will work on the unit until 
they master the skills. We will col- 
lect data on how much time they 
take, how well they co, where they 
make mistakes, and what kind 
they make. Then, we will revise the 
unit. 
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HOW CAN YOU DETERMINE WHICH 
EDUCATIONAL SOFTWARE IS BEST 
FOR YOUR APPLICATION? 

Clyde Tucker 

Office of Educational Setxices and Department of Physioloj^y, Unuer.sity of Colorado 
Health Sciences Center, Denver, Colorado. 



From month to month you can sense 
the increased enthusiasm for the use 
of microcomputers in many different 
phases of our lives. Fueled by the 
steady improvement in performance, 
improving prices, and extensive ad- 
vertising from the vendors, the pres- 
sure is constant. Every week we see 
announcements of "new and im- 
proved" educational software that is 
claimed to have value in our area. 
Brochures arrive in the mail, ads 
appear in magazines, and our col- 
leagues always return from meetings 
or visits to other institutions with 
descriptions of new software that is 
claimed to have great potential in 
our program. 

The educator is always searching 
for better educational methodology, 
and it is obvious that the microcom- 
puter has the potential for many 
valuable applications in various edu- 
cational settings. However, the value 
of the microcomputer as an educa- 
tional tool will be no better than the 
quality of the educational software 
that is ..sed. 

We could each develop our own 
educational software, but, becau.^e 
of the impressive number of hours 
required to develop one hour of well 
designed instructional material, that 
is probably not the best choice for 
many educators. It may be rela- 
tively simple to design an instruc- 
tional module that presents some 
new material, but, as Arons pointed 
out so well,' it requires considerably 
more investment of time to develop 
'I module that is well designed to 
identify and deal with the more 
common stumbling blocks that stu- 
dents are likely to encounter with 



certain material. That type of in- 
structional design is essential if \ve 
are to take full advantage of com- 
puter technology in education, but it 
does require a substantial time in- 
vestment. Determining whether 
software in the marketplace has been 
designed to meet our needs and find- 
ing out how well it is working in 
other institutions would ease this 
burden and be more efficient. 

EVAL JATION MECHANISMS 

So how do you tell which software is 
most appropriate for your applica- 
tion? Thorough evaluation of a large 
program is likely to require many 
hours of eff'ort on the part of several 
faculty members. It is often difficult 
to get that extensive faculty com- 
mitment, and budget limitations 
may not permit the acquisition of all 
software that should be evaluated. 

Some vendors will provide demon- 
stration packages. Some of thase are 
adequate for an evaluation if you 
have suitable resources (faculty 
time). Other vendors provide a "mini 
sample" that gives you a brief look 
at the program but not a chance to 
conduct a thorough evaluation. 
Other vendors will provide a 

purchase on approval," which re- 
quires that you purchase the pack ^^e 
but have the opportunity to return 
it for full refund within 30 or 60 
days if it is not satisfactory. Thai 
obviously requires careful scheduling 
to be certain that the appropriate 
faculty members are available to 
conduct the evaluation during the 
limited time thpt the program is 
available. 



Under ideal conditions these tech- 
niques may give you a reasonable 
opportunity to determine if any 
given software module is acceptable, 
but is it the best that is available? It 
is usually not possible to know this 
because of the extremely rapid 
changes in the market. Often you 
are forced to make a decision with 
doubt as to whether or not you have 
thoroughly evaluated what is availa- 
ble on the market. It is apparent 
that this is more challenging than 
selecting textbooks (as if that was 
always easy!). And to make the 
whole situation more complex, the 
content of the marketplace is chang- 
ing daily. 

The challenge of making the best 
.selection from available software is 
being faced by an increasing number 
of educators in all fields. It is im- 
practical and wasteful for each edu- 
cator to evaluate each new piece of 
software. What we urgently need is 
a method to provide timely sharing 
of the results that we gain from our 
evaluation and utilization of soft- 
ware. Even when a serious attempt 
is made to evaluate an in.structional 
package adequately, there wi.l still 
be .some residual uncertainty until 
the program has been used by stu- 
dents and other faculty. It would be 
very helpful if we could learn easily 
about the experience that other edu- 
cators have had with that package. 

SHARING MECHANISMS 

The re.sults of our experience in 
reviewing, tasting, and finally using 
any software should he shared with 
our colleagues. Newsletters such as 
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this one can provide a valuable 
vehicle for sharing information, but 
there is, or soon will be, more experi- 
ence than any print format publica- 
tion can handle. And a publisher 
would not care to publish the third, 
fourth, fifth, or hundredth report of 
experience with a particular set of 
software. Yet the experiences of our 
colleagues throughout the country 
and the world should be available 
for convenient and timely access and 
review by all educators. 

Electronic networking should pro- 
vide us with a solution to this di- 
lemma. A large database including a 
description of all available educa- 
tional software should be developed 
and maintained. That network 
should simultaneously provide a 
mechanism to summarize the experi- 
ence that many educators have had 
with that particular package. The 
database should include the re- 
sponse to questions such as the fol- 
lowing: 

• How many schools are currently 
usivig the package? 

• What type of students are using 
the package? 

• How well is it meeting their needs? 

• How many educators have discon- 
tinued use of the package? 

• Why was use discontinued? 

Current electronic technology can 
easily support this badly needed 
information exchange, but the tech- 
nology will not do the job without 
appropriate organizational suppor .. 
That support is essential to develop- 
ing a suitable format and providing 



the close attention that will be re- 
quired in order to keep the database 
well organized and current, which 
includes reminding all of us to pro- 
vide our input at the proper time. 

There are several organizations or 
institutions that have the potential 
to support this activity. One is The 
Association for the Development of 
Computer-based Instructional Sys- 
tems (ADCIS),^ which has worked 
for years to facilitate the develop- 
ment and u e of computer-based 
educational activities. With the 
emergence of the microcomputer 
as a major educational resource, 
ADCIS has focused increasing at- 
tention on this area. 

ADICS-NET 

Recently ADCIS arranged for the 
development of a database on Com- 
puServe. The database will be in- 
cluded in the ADCIS-Net, which is 
now accessible on CompuServe. The 
format of the network and its data- 
base are currently under develop- 
ment. This network should become a 
major asset to all who are searching 
for computer-based educational 
material. The network should reach 
full operation in the next few months 
and will hopefully include a provi- 
sion to share user experience with 
software. 

In addition to the development of 
the database regarding instructional 
software, ADCIS has negotiated a 
special CompuServe rate that its 
members can receive if they apply 
by December 31, 1984. For more 
information regarding ADCIS-Net 



and the special rates, contact Ron 
Comer, president of ADCIS. His 
address is 076 Health Sciences 
Library, 376 W. 10th Ave., Col- 
umbus, OH 43210-1240. 

When a netwjrk such as ADCIS- 
Net is in full operation, it will still 
be no better than the information 
that we enter. The network will be 
of some value if even a small num- 
ber of educators make an ongoing 
commitment to provide input re- 
garding their experience with educa- 
tional software. The network will be 
of great value if a large number of 
educators are willing to provide 
periodic input of their experience. 

Undoubtedly a few educators will 
provide periodic input, but the real 
potential of the system will be 
achieved only when the vast major- 
ity of educators who are using 
microcomputer-based educational 
software are willing to routinely up- 
date the network regarding their 
experience. If that does occur, we 
will all be able to examine the data- 
base and obtain valuable informa- 
tion that will enable us to make the 
best investment of time for our stu- 
dents and ourselves as well as gain- 
ing the best utilization of our fiscal 
resources. 
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MflNTED 
-Feedback- 

* Is CLSE meeting your needs? 

* Have important topic airecis been overlooked? 

* Should more regular features (e.g.^ Keeping 
Abreast of the Literatures be added? 



CLSE IS HOM 6 MONTHS OLD. VOU CAN HELP 
SHAPE ITS DEVELOPMENT. PLEASE SEND 
COMMENTS AND CRITICISM TO: 



Dr. Harold Modell 

Virginia Mason Research Center 

1000 Seneca Street 

Seattle, Washington 98101 
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COMPUTERS AND UNDERGRADUATE 
COMPARATIVE PHYSIOLOGY 

William H. Heidcamp 

Department of Biology, Gii^staiiLs Adoiphius College, St. Peter, Minne.sota 



Beginning in 1976, Gustavus 
Adolphus Tollege increased the 
academic use of computers in its 
curriculum. Assisted by an NSF 
grant, a Harris minicomputer was 
installed. The system has grown to 
include more than three dozen ter- 
minals and has become an integial 
part of our pedagogy. So successful 
is the college involvement that the 
machine became overworked, and 
pandemonium ensued when the sys- 
tem was **down." This was particu- 
larly true for the biology program 
and its computer-assisted laborato- 
ries. 

More recently the college invest- 
ed in microcomputers, principally 
IBM PCs, and an occasional Apple, 
TRS-80, Commodore, or Compaq. A 
typical system has one or two dou- 
ble-sided disk drives, a Quadram 
Board with RAM Disk, color graph- 
ics card, and dot-matrix printer. 
Several are equipped with RGB 
monitors and Hayes Smartmodems. 
The latter allow terminal emulation 
for interaction with our Harris Sys- 
tem and thus use of previously de- 
veloped software. 

The typical system (as described) 
can be installed for about $3000 
using IBM PCs and depending on 
options. Less expensive configura- 
tions are available. The microcom- 
puter can be placed on a mobile cart 
and made available during labora- 
tory sessions. The modem brings the 
power of the minicomputer into the 
laboratory for the cost of a tele- 
phone outlet. 

This article describes the use of 
microcomputers in an upper level 
undergraduate course in compara- 



tive physiology, required of all bi- 
ology majors. Since the computers 
are mobile, they are used extensively 
for other purposes, but those appli- 
cations would be the subject of 
another report. This report is foi" 
those contemplating incorporation 
of computers into their teaching of 
physiology. 

COMPUTER USE 

Computer-assisted education can 
usually be divided into drills and 
simulations. Drills make excellent 
use of student and faculty time by 
handling the redundant and labori- 
ous repetitive aspects of any course 
that requirciS continued practice, 
which may be enriched by the abil- 
ity of the computer program to in- 
teract with the student. The drills 
are as good as the thought and 
preparation that goes into the de- 
sign of the program, and several 
books are now available on this sub- 
ject.'^-'^-' 

Simulations are becoming increas- 
ingly popular but are fraught with 
their own problems. The main objec- 
tion is that one begins to substitute 
the machine for analysis and study 
of the actual living organism.*'^ The 
advantage is eventual time saving 
for repetitive functions — the even- 
tual is not insignificant, since initial 
use will most likely require more 
time than what you will end up 
saving. 

Our own use of computers in- 
volves drill and simulation plus data 
analysis, interactive programs, and 
te»st generation. A key element in 
otr approach is the joining of lab- 



oratory experience with the abilities 
of the computer. We are sensitive to 
the need for avoiding substitution of 
the computer for reality, but are 
excited about the use of the com- 
puter as an educational tool when 
coupled with the other tools availa- 
ble. 

A CASE IN POINT 

General Physiology at Gustavus 
Adolphus College involves an aver- 
age of 70 students per semester di- 
vided into four laboratory sections. 
During a three-hour lab session, ap- 
proximately 18 students are divided 
into teams of six each, and three 
separate exercises are undertaken 
simultaneously in the laboratory. 
For example, in the first week of lab, 
an exercise on osmotic regulation of 
mussels, thyroxin action on cellular 
respiration, and surgical removal of 
adrenal glands from rats are all per- 
formed. This places pressure on the 
instructor and assistants since there 
are three preparations during each 
session. Its advantage is that it al- 
lows maximum use of expensive 
equipment since one need not have 
all students working on one type of 
instrument (thus utilizing one physi- 
ograph instead of three). 

A major difficulty with this ap- 
proach has been the lack of time for 
interaction with each ^oup when it 
comes to analyzing the data col- 
lected during lab. Here the micro- 
computer finds its niche. 

As an example, we can refer to a 
"typical" experiment performed in 
physiology laboratories, the use of 
the Gilson Respirometer (or War- 
burg Apparatus). Anyone who has 
used this piece of equipment knows 
that it requires a significant amount 
of data manipulation in order to 
have a " take-home" lesson from the 
laboratory. In the past, this required 
many hours with paper, pencil, and 
slide rule— made somewhat easier 
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with the introduction of prograin- 
mable calculators. But, even then 
the laboratory write-up is usuall> 
done some days later, with little 
or no direct interaction with ♦he 
instructor. When the results are 
submitted, there is frequently no 
opportunity to review the data 
acquisition process, and results are 
most often evaluated in terms of 
their general fit to some ideal cri- 
teria. This assumes the students per- 
formed the dozens of procedures 
flawlessly, a rather unusual event 
at best. 

With a microcomputer (or nearby 
mini/mainframe terminal), things 
are different. Digital data is col- 
lected at ten- minute intervals from 
fourteen flasks, and it represent'- six 
duplicated experimental conditions 
plus a control. Each reading calls 
for individual corrections for back- 
ground (thermobarometer) and sub- 
sequent analysis of trends for ap- 
proximately 60-90 minutes (10 value 
sets). Of course, the computer can 
handle the data corrections in mi- 
croseconds, but it can do so much 
more. 

With the computer in the labora- 
tory, data is entered as it is col- 
lected. Immediately, all corrections 
are applied, the data is presented 
graphically to the student (with lin- 
ear regression), and, where appro- 
priate, warnings can be flashed to 
pay attention to a given a?pect of 
the data — a leak in the system, for 
example, would give a rapid increase 
in readings. The computer can be 
programmed to investigate "normar' 
errors and make immediate sugges- 
tions for assistance when they are 
detected. 

More importantly, the data can 
be compiled and processed at once, 
while the exercise is still under way 
and while the students are together. 
Assistance from the instructor is 



then called for whi n it is needed. 
We now spend the major portion of 
lab time in perfomiing an exeiu.se 
and discussing the significance of 
the results — a tremendous improve- 
ment over previous years in which 
many students never understood 
what they had done during these lab 
sessions. 

In other exercisas, the stuH^nts 
can be comforted (or alerted; by 
comparison of their data with that 
of other groups or to published data. 
On line refereiice searches are a snap 
with a computer base, and compari- 
son data is no further away than a 
few key strokes on the terminal. 
Glossaries and drills seeking to de- 
termine student understanding are 
also readily available, and the drills 
can be made '""teractive with little 
programming knowledge. With a lit- 
tle imagination, student results can 
be tabulated with class statistics for 
comparison. 

We also make use of commercially 
available software. Enzyme kinetics 
is among the more popular (EN- 
ZKIN).' CELLM" is a fun package 
where the student becomes a cell 
membrane and must balance sugars 
and ions — if successful, you divide, 
if not, you die. Test item manage- 
ment programs make generation of 
exams and quizzes easier. We use 
microTIM*^ and highly recommend 

Additional use of the computer 
for feedback is made through inter- 
active grading programs. Each stu- 
dent is given a personalized summary 
of all grades as they are earned, 
along with class statistics. The stu- 
dent can then ask the computer 
questions of ** what if" or ** what are 
my chances for." It doesn't eliminate 
the need for personal discussions 
with the instructor, but it helps. 

Finally, we have written our own 
programs (mainly in BASIC for ease 



of modification). These programs 
involve manipulation of data for 
glucose tran.sport in intestine, poiki- 
lothermy, QlO measurements, and 
photosynthesis, to name a few. Not 
all of our lab exercises make use of 
the computer, but it is becoming a 
small minority that do not. If one 
adds the use of the computer as a 
word processor (available to stu- 
dents), then most likely the com- 
puter is significant in all exercises 
from the student perspective. We 
have found it to be an excellent 
means of generating time for stu- 
dent/faculty interaction at a level 
not previously possible. The stu- 
dents are at ease with the computer 
and have come to e^xpect the same 
treatment in other courses within 
the departm^iit. In the near future, 
it will be a rare course in biology at 
Gustavus Adolphus College that will 
not make extensive use of portable 
computers in the labs. 
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INPUT/OUTPUT DESIGN FOR 
DIFFERENT EDUCATIONAL 
SETTINGS 

Harold L Modell 

Virginia Mason Research Center, Seattle, Washington 



Historically, use of the computer as 
a teaching tool has evoked a picture 
of an independent study setting. 
One visualizes a student or group of 
students gathered around a terminal 
located in a learning resource center 
or computer laboratory working 
with a program designed to be a 
tutorial (eg, a computer lesson) or 
a " laboratory" exercise (eg, a simu- 
lation). 

The portability and graphics ca- 
pabilities of the microcomputer 
along with advances in video tech- 
nology (eg, the video projector) 
have made it feasible to consider the 
computer as an addition to the ar- 
senal of visual aids used in the large 
lecture and the small group con- 
ference settings.^'^ In considering 
such a move, one's inclination is to 



transport software that has worked 
well in the independent study set- 
ting directly to the K^ture hall or 
conference room. For example, a 
simulation used as a "laboratory** 
exercise for 1-3 students can now 
form the basis of a " laboratory dem- 
onstration** for a group of 15-25 
students. In some cases, such a move 
can lead to disaster, not because use 
of the simulation in this manner is a 
bad practice, but because the input/ 
output schemes designed for the in- 
dependent study setting may not be 
ideal for the lecture or conference 
settings. 

The purpose of this communica- 
tion is to illustrate how ciiteria for 
input/output design may differ de- 
pending Uf on the setting in which 
the software will be u :)d. A simula- 
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tion of oxygen and carbon dioxide 
transport in blood will serve as the 
focus for this discussion. 

BACKGROUND 

Mechanisms of oxygen and carbon 
dioxide transport in blood are i re- 
flected in the oxyhemoglobin and 
Carbon dioxide dissociation curves. 
It is important for students to un- 
dei^tand the following key points 
concerning these curves. 

• The quantity of oxygen and carbon 
dioxide carried in the blood as 
dissolved gas is very small, and 
this small amount of dissolved gas 
along with the solubility char- 
acteristics of the gas give rise to 
the partial pressures of oxygen and 
carbon dioxide in the blood. 

• The amount of oxygen carried as 
OAyhemoglobin reflects an equi- 
librium with the oxygen partial 
pressure. Similarly, the amount of 
carbon dioxide carried in the form 
oT bicarbonate ions and carbamino 
compounds reflects an equilibrium 
with the car on dioxide partial 
pressure. 



• The shapes of the dissociation 
curves are different, and the shape 
of each cur/e has significant physi- 
ilogical implications. 

• A number of factors influence each 
of the dissociation curves, and one 
of these factors is the amount of 
the other gas present in the blood. 

For the past 9 years, we have 
made a simulation of the oxyhe- 
moglobin and carbon dioxide dissoci- 
ation curves available to allow stu- 
dents to study these relationships in 
an independent study setti^.g.'* The 
model assumes that hanoglobin con- 
centration is fixed and that the blood 
being studied is at a constant tem- 
perature. The inputs to the model 
are arterial oxygen ii.i carbon di- 
oxide partial prest ■ - ^. The original 
vei^sion of the program was designed 
for 80-column, hard-copy terminals 
and providea a tabular output. The 
output consisted of a table with the 
student's input values, oxygen and 
carbon dioxide contents consistent 
with those values, percent oxyhe- 
moglobin saturation, and pH of the 
blood (Fig. 1). 



MICROCOMPUTER OUTPUT IN AN 
INDEPENDENT STUDY SETTING 

When microcomputers offering inex- 
pensive graphics capabilities became 
available, the program was revised 
to take advantage of these capabili- 
ties. An example of the graphic por- 
tion of the revised output is shown 
in Figure 2. 

The rationale behind our choice of 
a picture rather than a plot of the 
dissociation curves was based on the 
premise that a simulated laboratory 
exercise should provide " processed'* 
data only when such processing 
is available on-line in the real lab- 
oratory setting.'' The experiment 
simulated by this program would 
generally require the investigator to 
equilibrate blood with different 
oxygen and carbon dioxide mixtures 
and then determine the resulting 
comp jsition and pH. Hence, discrete 
data points would be obtained, and 
plotting the points would constitute 
an additional step. Should the stu- 
dent wish to take th s additional 
step, appropriate axes are provided 
in the "laboratory'' manual that 
accompanies the exercise. 

Considerably more conceptual in- 
formation relative to tlie points 
listed above is available to the 
student on the graphic output (Fig. 
2) than on the original tabular out- 
put (Fig. 1). For example, the left 
panel makes the followin,i; points 
clear: 

1) oxygen is carried as dissolved gas 
as well as being bound to hemo- 
globin; 

2) the amount of dissolved gas is 
small, but it is this gas that gives 
ri.se to the partial pressure of 
oxygen; 

3) the hemoglobin sites are "filled 
up" with oxygen until an equi- 
librium is reached between the 
partial pressure n oxygt i and 
oxyhemoglobin binding .sites; 

4) the hemoglobin sites can be com- 
pletely "filled", that is, oxyhe- 
moglobin can be 100% saturated. 



NORMAL AND ABNORMAL LUNG FUNCTION 

PROGRAM 7 BLOOD 
COPYRIGHT. AMERICAN THORACIC SOCIETY 1975 




P02 (TORR) ?80 
PC02 (TORR) mo 




BLOOD COMPOSITION AT P02= f^O TORR PC02= ^0 


TORR 


02 CONT= 19-5 ML/100 ML C02 CONT= 
PCT 02 SAT= 95-9 PH= 7-4 


ML/IOOML 


CHAMGE ? 





FIGURE 1. Input/output scheme from the on gin a! version of an oxygen and carbon 
dioxide dissociation curve simulation. This version was intended for use in an 
independent study setting asing a hard-copy terminal. In answer to the prompt 
"CHANGE?**, the student can chi ge the value for one or both input variables. 
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lee HL BLOOD 



OXYGEN 
DISSOLUED 



Hb 
SITES 



CARBON DIOXIDE 

COMBINED 
DISSOLUED POOL 



.23ML 


106 




26 


1.2ML 




SAT 


I 


ML 


4^ 4^ 4 


4 4r it 


6 




8 





T 



175 
ML 

8 



%=95.9 (^,= 19. 5 (^0=47.8 pH:=7.4 
(PRESS ANV KEY TO CONTINUE) 

FIGURE 2. Graphic output jf the oxygen and carbon dioxide dissociation curve 
simulation revised for use with a microcomputer. This output was also designed for 
use in in independent study setting. Input variables are the same as the version 
depictea in Figure 1. 



The right panel of Figure 2 pro- 
vides a similar picture depicting the 
relationships for carbon dioxide. 
However, in this cant^ it is clear 
that, unlike the relationship be- 
tween oxygen and the hemoglobin 
sites, the combined carbon dioxide 
pool does not become "filled up'' In 
the physiologic range. 

Although the graphic output pro- 
vides a more complete conceptual 
picture than the original tabular 
output, the tabular output provided 
an opportunity for the student to 
compare the composition of a num- 
ber of blood samples equilibrated 
with different gas mixtures. All that 
was necessary was to review what 
had already appeared on the paner. 
Of course, the student '^ould always 
copy what appeared on the graphics 
screen onto a piece of paper, but it 
would be far more convenient if a 
data comparison capability was in- 
corporated into the program. Thui^ a 
second output mode is provided in 
the microcomputer revision. 



After the graphic output is com- 
pleted, the student has the option of 
saving the data (up to four experi- 
ments) and comparing data from 
previous experiments to the current 
value?. An example of this portion of 
the output is shown in Figure 3. 

I'he independent study setting 
ra'<?es another issue with respect to 
the input/output scheme chosen. 
Input values must be checked to 
ensure that they are reasonable, both 
mathematically and physiologically. 
The form and format of error mes- 
sages must be considered. Ideally, 
error messages should be of a fonn 
and format that will provide an 
additional learning experience for 
the student.'^ 

USE IN THE LECTIIRE HALL 

Using this simulation as part of a 
lecture on rxygen and carbon di- 
oxide transport may prove ry use- 
ful. However, use of the program in 
this settmg may require a different 



set of criteria for input and output. 
If the lecture is presented to a large 
group (75 or more students), it is 
unlikely that the students will par- 
ticipate in choosing input values. 
Hence, there should be no need for 
the input checking/error assage 
routines that were essential in the 
independent study setting. The pro- 
cess of choosing variables or entering 
values should be streamlined, how- 
ever, to minimize typing errors that 
resuH in messages that focus atten- 
tion on the technology (eg, RE- 
ENTER, SYNTAX ERROR) and 
distract students from the message 
of the lecture.^ 

What about the output? The 
graphic shown in Figure 2 may be 
very helpful as a lecture aid. How- 
ever, it is not necessary to have the 
computer in the lecture hall to show 
this static picture! It would be con- 
siderably easier logistically to dump 
the output to a printer and make 
one or more slides for the presenta- 
tion. On the other hand, if the in- 
put/output scheme was modified so 
that a succession of frames showing 
the transition from one gas mixture 
to another was used, an additional 
dimension would be added to the 
teaching aid. 

Another possible modification that 
might prove useful in the lecture 
hall is to have the program plot the 
oxyhemoglobin or carbon dioxide 
dissociation curves. Before using this 
scheme, however, it is necessary to 
ask whether, in the context of the 
specific presentation, the in-class 
computer display will serve as a 
better teaching aid than a slide of 
the dissociation curves. If the pre- 
sentation focuses only on the entire 
curves, the slide would most likely 
be the visual aid of choice. If, on 
the other hand, the narrative ap- 
proaches the curves by focusing on 
blood as it equilibrates with various 
gas mixtures, the computer program 
offers an advantage. 

Figure 4 shows the output from a 
modification of the program design- 
ed with a lecture setting in mind. In 
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EXPT: 

CURRENT 1 



Pq= 63 80 60 80 

C^^ 18.9 19.5 18.5 19.7 

93.1 95.9 91.1 96.7 

Pco= 30 40 40 30 

C^Ql 42.6 47.8 48.1 42.4 

pH= 7.48 7.4 7.41 7.48 



(PRESS ANY KEY TO CONTINUE). 



FIGURE 3. Tabular output for microcomputer revision that allows the student to 
compare data from up to four experiments. Units for each value are presented in the 
graphic portion of the output and are therefore not repeated in the table. 



this version, hemoglobin concentra- 
tion and the partial pressure of 
carbon dioxide in the blood are en- 
tered, and the program plots an 
oxygen dissociation curve. Students 
see the curve as it develops, and the 
plotting process can be stopped at 
any time to focus attention on 
specific aspects of the oxygen-hemo- 
globin relationship. 

This particular output schem e also 
allows plotting multiple curvei; on 
the same axes. Thus the effects of 
changing carbon dioxide tension and 
hemoglobin concentration can be de- 
veloped step by step on the same 
visual aid. 

Another display mode that can be 
effective in a lecture setting involves 
using two graphics screens. Different 
conditions are plotted on the same 
axes on the two screens, and the 
lecturer can switch rapidly between 
the two screens to point out similar- 
ities and differences. This technique 



may be more effective than plotting 
two curves on the same screen (Fig. 
4C, D). L. i,his program, for example, 
input values for each cur/e are re- 
tained with the curve, and the no- 
tion of the curve "shifting" (eg, with 
changing carbon dioxide tension) 
may be presented more dramati- 
cally. 

Tabular output, an essential com- 
ponent in the independent study 
setting, would not be necessary in 
the lecture setting because, in this 
case, the data plots can be used for 
coniiiaring tvvo conditions. In some 
case?, presentation of data in a tabu- 
lar format may be unacceptable in 
the lecture halL Tabular data on 
multiple TV monitors is often too 
small to read from all locations 
within the room, and many video 
projectors do not have the resolu- 
tion necessary to provide clear 
images of densely packed letters or 
numbers on the screen. 
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SMALL GROUP CONFERENCES 

The small group conference (5-30 
stadentvs) offprs considerably more 
latitude than the large lecture set- 
ting. The instructor can approach 
this experience in a variety of ways 
ranging from a demo?istration with 
no student interaction to a workshop 
that can involve the students almost 
as much as the independent study 
setting. The criteria chosen for in- 
put/output design for this setting 
may differ depending on how much 
student interaction is anticipated. 

If the session is to be a pure 
demonstration with no student in- 
teraction, the input/output scheme 
must be essentially the same as that 
chosen for the large lecture setting. 
If, on the other hand, the workshop 
approach is taken, the instructor 
and students are working as a team, 
and a variety of possibilities exist. 

The program designed for the in- 
dependent study setting may work 
very well in this environment. As 
the workshop leader, the instructor 
plays the role of a knowledgeable 
peer providing some direction for 
the experimental procedure to be 
followed. In this role, he or she may 
ask students for input values and 
rely on the program to display error 
messages for physiologically un- 
sound values. Maintaining the error 
messages in the program provides 
the student with a more dramatic 
feedback mechanism than the in- 
structor's rejecting the input value, 
and it enhances the instructor's role 
as a peer. 

Although the output from the 
independent study version may be 
adequate for the workshop environ- 
ment, an expanded output scheme 
may prove more useful. The philos- 
ophy governing design of the inde- 
pendent study output was based on 
the premise that the program simu- 
late a laboratory setting. It assumed 
that sufficient time would be avail- 
able to gather, process, and interpret 
data. The class time allotted to the 
conference session may not provide 
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FIGURE 4. Graphic output of the oxygen dissociation curve from the same simulation used to generate the outputs shown in 
Figures 1-3. This output was designed for use in a lecture setting. In this version, the input variables are hemoglobin concentration 
(assumed constant in the other verf 'ons) and the partial pressure of carbon dio ade. ; Panel A) Curve plotting was interrupted to 
focus attention on the steep portir *i of the curve. {Panel B) Curve j^i.utting was allow jd to continue so that the entire curve is 
presented. {Panel C) Two curves are presented on the same axis to illustrate the influence of carbon dioxide on the position of the 
dissociation curve. {Panel D) Two curves are presented on the same axis to illustrate the effects of changing hen;oglobin 
concentration. 



this time. Hence, the design criteria 
must be reevaluated with this in 
mind. 

If the "experiment" is to be com- 
pleted within time allotted to the 
workshop, it may be helfpul to in- 
corporate the possibility of plotting 
the dissociation curves (eg, as in Fig. 
4) as a second output option. The 
purpose of this portion of the output 
would be different than t\at in the 
lecture hall. In the lecture, plotting/ 



the curve served as the primary 
conceptual aid. In this petting, its 
purpose may be more of a review/ 
integration aid For example, one 
way to approach ti:e session may be 
to examine a number of hlood sam- 
ples equilibrated with different gas 
mixtures. The output for this 
step would be the pictorial format 
(Fig. 2). Discussion of the results of 
e^ch equilibration and comparison 
of each equilibration with prior sam- 



ples using the tabular output (Fig. 3) 
woulf* "^company this phase. The 
plotti. ^ output option could then be 
used to "put it all together" in one 
or two pictures, reinforcing those 
points discussed during data acquisi- 
tion. 

The possibility of providing hard 
copy output of some of the results 
obtained during the workshop might 
also be considered for such a session. 
This output could be produced be- 
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fore or during class, and it would 
give the student review material 
that he could relate to an active 
learning experience. 

FINAL COMMENT 

In this article I have tried to draw 
attention to some of the factors that 
should be considered when establ" ^h- 
ing input/output criteria for various 
educational settings. In doing so, I 
have used one example, that of a 
physiological simulation, with differ- 
ent possibilities for input and out- 
put formats. Many other types of 
programs m prove useful in each 
of the settings discussed. Levine*s 
upp of the computer as a sophisti- 
cated slide projector in the lecture 
hall* is but one example. However, 
regardless of the s»^»ecific program 



used, common questions must be 
considered. For example: 

• Is the technology available to me 
that will allow the computer out- 
put to be seen clearly by all stu- 
dents in the lecture hall/confer- 
ence room? 

• Will using the computer make my 
message clearer than a series of 
slides, a videotape or some other 
type of presentation that requires 
less technology in the classroom? 

Considering t^ ^«ie and similar 
questions wiP .it in input/out- 
put design that will not only en- 
hance the presentation, but will also 
make the computer accepted hy stu- 
dents in the classroom as an asset to 
learning rather than another gim- 
mick to amuse the instructor. 



REFERENCES 

1. Irvine SD: Microcc Uer graphics 
as a sub'jtitiite for lecture slides. 
Compi ters in life Science Education 
l:33-3o, 1984. 

2. Mikiten TM: hhhjincing lectures w^^h 
microcomputers. Computers in life 
Science Education 1:9-11, 1984. 

3. Modell HI, Farhi LE, Olszowka AJ: 
Physiology teaching through com- 
puter simulations— problems and 
promi.<;e. Physiol Teacher 3:14-16, 
1974. 

4. Modell HI, Olszowka A J, Klocke RA, 
Fan J LE: Normal and abnormal lung 
function, a program for independent 
study. New York: The American 
Thoracic Society, 1975. 

5. Modell HI, Olszowka A J, Plewes JL, 
Farhi LE: Role of computer graphics 
in simulations for teaching physi- 
ology. Physiologist 26:93-95, 1983. 

6. Schottelius BA: Teaching physiology 
by microcomputer in small group 
conferences. Computers in Life Sci- 
ence Elducation 1:4-6, 1984. 



WHERE'S THE SOFTWARE? 



The degree of success achieved when 
computers are used in any teaching 
effort depends heavily on the qual- 
ity of the software chosen. With 
respect to software availability, two 
options are open to the educator: 
either vrite programs to fill specific 
needs or find high-quality programs 
written by others. Writing one's own 
softwai'c is a time-consuming pro- 
cess and one that may not reap the 
academic recognition that could be 
attained by using the same time for 
other endeavors. Hence, in many 
instances, it is preferable x> use 
software written by other educators. 
However, it is most difficult to iden- 
tify sources of quality software 
focused in a specific area. To aid in 
this quast, we have compiled the 
following list of life science software 
sources and programs or program 
areas available. 

In the future, we would like to 
publish updates to this list, but to 



accomplish this we need your help. 
If you have found specific software 
helpful in your teaching efforts, and 
it does not appear on our list, please 
let us know about the program(s) 
and the supplier. Send pertinent 
information to Dr. Harold Modell, 
Virginia Mason Research Center, 
1000 Seneca Street, Seattle, WA 
98101. 



BIOBUND 

Professor Theodore J. Crovello 

Department of Biology 

The University of Notre Dame 

iNOtre Dame, IN 46556 

(219) 239-7031 
ABBAL, BIOHISTORY, BIO- 
QUEST, CELLVOL CONTROL, 
DIA'^ VOSE, ESSIM, FIND, 
ID^ .PLE, MOM, PHYSLAB, 
RAx S, SQUID AXON 
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Biolearning Systems Inc. 
Suite 2735 

420 Lexington Avenue 
New York, NY 
(212) 687-8061 

CARBOHYDRATES, LIFE 

FUNCTIONS, LIPIDS, 

NUCLEIC ACIDS, PROTEINS, 

TEST DJ""KS 

Cambridge Development Lab 

100 Fifth Avenue 

Waltham, MA 02154 

(617) 890-8076 
GENETICS, CELLULAR RE- 
PRO, MICROBE (demo disk), 
TEMP, DAISY 

Classroom Consortia Media 

28 Bay Street 
Staten Island, NY 10301 
In New York: (800) 522-2210 
Outside New York: (800) 237-1113 
LEAF, PHOTOSYNTHESIS 
AND LIGHT ENERGY, CELL 
GROWTH AND MITOSIS 
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^ CONDUIT 

* M310 Oakdale Hall 

• The University of Iowa 
PO Box C 

Oakdale. lA 52319 

(319) 353-5789 
BAFFLES, CATGENE, 
CATLAB, COEXIST, COMPE- 
TITION, COMPUTERS IN 
BIOLOGY CURRICULUM, 
DISCOVERY LEARNING IN 
TRIGONOMETRY, ECOLOGI- 
CAL MODELING, EVOLVE, 
FAMID, LIFE TABLES, LINK- 
OVER, MOLECULAR MOTION 
AND DIFFUSION, OSMOTIC 
PRESSURE, PRHDATION, 
PREDATOR FUNCTIGxML 
RESPONSE, SURFACES FOR 
MULTI VARIABLE CALCU- 
LUS, TRIBBLES (Plus ad- 
ditional programs in chemistry, 
math, humanities, etc.) 



Clyde Dawson 

Department of Biology 
The University of Notre Dame 
Notre Dame, IN 46556 
SIMPLE MEIOSIS 



DEE, Diversified Education 

Enterprises, Inc. 

725 Main Street 

Lafayette, IN 47901 

(317) 742-2690 
BALANCE, PL/ ,T, MOTHS, 
OSMO, ENZYME, MONOCROS, 
DICROSS, POLLUTE, DILUTE, 
CLASSIFY, NICHE, POPGRO, 
MANRGY, DNAGEN, FLYGON, 
POPGEN 



Edu Tech 

634 Commonwealth Avenue 
Newton Centre, MA 02159 
BIRDBREED 



Professor H. Herbert Edwards 
Department of Biology 
Western Illinois University 
Macomb, IL 61455 
PHOTOSYNTHESIS 

E.M.E. Corporation 

PO Box 17 

Pelham, NY 10803 

(914) 576-1121 
AIR POLLUTION, INTRODUC- 
TORY GENETICS, MEIOSIS, 
MICROBIOLOGY TECH- 
NIQUES, NATURAL SELEC- 
TION, OSMOSIS AND DIFFU- 
SION, POPULATION 
FLUCTUATIONS 

Encyclopedia Britannica 
Educational Corp. 

425 North Michigan Avenue 

Chicago, IL 60611 
BIOLOGY: THE CELL, BI- 
OLOGY: ENERGY AND LIFE 

Hayden Software Company 

600 Suffolk Street 
Lowell, MA 01853 
MICROSCOPIC JOURNEY 

Heinemann Computers In 
Education Ltd. 

England 
PHYSIOLOGICAL SIMULA- 
TION 

HP,: . Software 

Human Relations Media 

175 Tompkins Avenue 

Pleasantville, NY 10570 

(914) 769-6900 
EXPERIMENTS IN HUMAN 
PHYSIOLOGY (DEMO DISK) 
(by Robert Tinker, TERC, $199) 

J & S Software 

140 Reid Avenue 

Port Washington, NY 11050 

(516) 944-9304 
HEARTBEAT/HEART- 
WORK/HEARTFLOW, $39.95 



Professor John Jungck 
Department of Biology 
Beloit College 
Beloit, V/I 53511 
PROTEIN MASTERMIND 



Microcomputer Workshops 

225 Westchester Avenue 

Port Chester, NY 10573 

(914) 937-5440 

GENETICS (Highschool, $24.95), 
ENGLISH and FRENCH 
ACHIEVEMENTS, SOLVING 
QUADRATIC EQUATIONS 



Dr. Harold Modell 

Virginia Mason Research Center 
1000 Seneca Street 
Seattle, WA 98101 

RESPIRATORY PHYSIOLOGY 

PROGRAMS 



Oakleaf Systems 

PO Box 472 

Decorah, lA 52101 
ALGAL GROWTH, AQUATIC 
ECOLOGY, ECOLOGICAL 
ANALYSIS, EVOLUTION, 
KEY-STAT 



Professor James E. Randall 

609 Sout'i Jordan Avenue 
Bloomington, IN 47401 

PHYSIOLOGICAL SIMUU.- 

TIONS 



SUMIT Coursev/are Project 

Professor James Spain 

Department of Biology 

Michigan Technological University 

Houghton, MI 49931 

ENZYME, FOREST SUCCES- 
SION, ISLAND BIOGEOGRA- 
PHY, PHOTOSYNTHESIS 



Compiled by T. J. Crovello 
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USING COMPUTER-ASSISTED 
INSTRUCTION IN THE EDUCATION 
OF HEALTH CARE 
PROFESSIONALS: 

WHAT THE DEAN NEEDS TO KNOW 

Donna E. Larson 

Sc/iool of Nursing, Grand Valley State College, Allendale, Michigan 



When the educator of health care 
professionals attempts to encourage 
the purchase, development, and :ise 
of computer-assisted instruction 
(CAI) in the curriculum, the? dean of 
that program may voice some very 
real concerns about the credibility 
and advisability of the newly pro- 
posed instructional strategy. It is 
well for the proposing educator to be 



prepared to put the best case for- 
ward in support of usir.g computer- 
assisted instruction to Irriprove the 
education of his/her students. This 
article summarizes the advantages 
of using computer-assisted instruc- 
tion for selected aspects of the edu- 
cation of health care professionals. 

Computer-assisted instruction is 
particularly well suited to the edu- 
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cation of health care professionals 
for *x»veral reasons: 

1) Effective, efficient instruc- 
tional methodology. Research on 
computer-assisted instruction in 
higher education in general and 
specifically in health professional 
education has demonstrated re- 
peatedly that, when compared to 
the more traditional teaching 
strategies (eg, classroom lecture, dis- 
cussion, role-playing, lab), students 
learn just as well with computer- 
assisted instruction, but in one-third 
to one-half the amount of 
time.^-^-^"'^This is certainly a find- 
ing with major implications, espe- 
cially when one considers the rate at 
which the knowledge base of the 
health professions is growing. 

2) Equalizes learning opportuni- 
ties. Because of such variables as 
the changing nature of patient popu- 
lations, the sometimes transient 
educational contracts with clinical 
agencies, and student clinical rota- 
tion scheduling probl«ns, many 
clinical experiences are not con- 
sistently available to all students. 
Computer simulations are one way 
in which variable clinical learning 
opportunities can be better equalized 
among students. For example, even 
if real life maternity clinical experi- 
ences are in short supply, at least all 
students could be provided the op- 
portunity to practice planning and 
managing the care for computer- 
simulated maternity patients. Ad- 
ditionally, completer simulations can 
provide students with rare Jeaming 
opportunities. For example, even 
though a particular geographic loca- 
tion may have a very small black 
population, students could still be 
provided with the opportunity, 
through the use of computer simula- 
tions, to plan and manage various 
aspects of the c( e of patients expe- 
riencing sickle cell crisis. 

3) Provides repeated practice op- 
portunities. Computer-assisted in- 
struction allows students to have 
repeated trials prior to implementa- 



tion of care for actual patients. Stu- 
dents can learn using computer 
simulations and then apply what 
they have learned while caring for 
actual patients. 

4) Safe. One of the primary ad- 
vantages for computer- assisted in- 
struction in clinical health care 
professional education is that it al- 
lows students to make their errors in 
a safe environment. A computer will 
not become gravely ill because of an 
erroneous medication dosage calcu- 
lation or poor clinical decision mak- 
ing. Obviously, this is not the case 
with actual patients. 

5) Promotes creative problem- 
solving and manipulation of varic 
bles. The computer can open up the 
world of "what ifs" to student learn- 
ing. Because no harm will come to 
actual patients, the student is free 
to explore many alternatives in solv- 
ing patient care problems. The stu- 
dent is able to experiment actively 
with many different hypotheses. The 
student can also purposely make 
errors in order to validate his/her 
own abilities to problem-solve and 
remedy a rapidly deteriorating pa 
tient situation. Due to faculty con- 
cerns for patient safety, students are 
not usually allowed to engage in this 
active experimentation in clinical 
settings. Because of the faculty's 
own setting of limits, our students' 
creative problem-solving may be 
thwarted. Through the use of com- 
puter simulations, students could be 
encouraged to practice creative 
thinking and problem-solving. 

6) Provides a privatp learning en- 
vironment. Computers can provide 
a nonthreatening environment for 
student learning. Computer-assisted 
instruction allows students to make 
their learning errors in private, 
without fear of ridicule from peers 
or of making a bad impression on 
faculty. The provision of this kind of 
private learning environment is 
especially important for the student 
who may be a slower learner or 
speak English as a second language. 



7) Freedom from repetitive teach- 
ing. Computer-assisted instruction 
can free the instructor from the 
lov/er level, repetitive aspects of 
teaching, so that more time can be 
devoted to higher level teaching ac- 
tivities, such as assisting students to 
apply theoretical knowledge to 
actual patient care situations. The 
education of health care profes- 
sionals is costly, to a great degree 
because the education is labor inten- 
sive — small groups of students clini- 
cally taught by highly specialized 
health care professional faculty 
(physicians, nurses, dentists, phar- 
macists, respiratory therapists, 
physical therapists, dieticians, medi- 
cal technologists, etc.). CAI can as- 
sist in making better use of scarce 
and expensive faculty by augment- 
ing small group instruction, taking 
care of the more mundane and re- 
petitive aspects of teaching, and 
generally allowing faculty to be more 
available for teaching, evaluating, 
and role-modeling for higher level 
clinical practice (such as application 
of clinical decision-making skills, re- 
search, administration, and so on). 

8) Cost-effective. There have 
been few attempts to determine the 
actual cost of computer-assisted in- 
struction in the education of health 
care professionals. However, this 
author's own research on the 
effectiveness, efficiency, and cost of 
computer-assisted instruction in 
psychomotor skill development for 
nursing students demonstrated that 
CAI was, indeed, cost-effective.' 
Specif :jally, when CAI as com- 
pared to conventional skills labora- 
tory instruction for teaching a basic 
nursing psychomotor skill (calculat- 
ing and regulating intravenous flow 
rates), the cost per computer learner 
was $.94 compared to $2.17 per skills 
laboratory learner. The difference 
in cost was due mainly to the de- 
creased amount of faculty time and 
expendable materials required when 
computer-assisted instruction was 
used. Interestingly, there were no 
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significant differences in the effec- 
I tiveness, transfer, or retention of 
learning with either of the method- 
ologies. The $.94 versus $2.17 com- 
parative costs might be deceptive, 
however, because the setting already 
had the requisite microcomputer 
hardware and software. If it were 
necessary to purchase the hardware 
and softwaie, if the costs were 
amortized over three years, and if 
the special costs incurred due to 
research conditions were removed, 
then it was projected that the cost 
per computer learner would be $1.44, 
compared to $2.01 per laboratory 
learner. 

9) Accessibility of instruction. 
Computer-assisted instruction can 
be accessible to the student virtually 
24 hours a day, seven days a week 
— at least as long as the computer 
or microcomputer laboratory is open 
on campus. Moreover, because many 
health care professional students al- 
ready have their own personal mi- 
crocomputers, students can easily 
access CAI whenever their schedules 
and energies permu by simply hav- 
ing their computers at home com- 
municate, via modem, with com- 
puters on campus. 

10) Provides students with im- 
mediate feedback. If student 
answers or decisions are erroneous, 
most computer-assisted instruction 
programs will provide the student 
with specific, shaped, and immediate 
feedback, help, and remediation. 



Therefore, students don't waste their 
time learning behaviors that must 
later be unlearned and corrected. 

In summary, when one looks at 
both the previous research on the 
effectiveness, efficiency, and cost as 
well as the other advantages of using 
computer-assisted instruction in the 
education of student health care 
professionals, one can build a strong 
case for the adoption of this meth- 
odology for selected applications. In 
these days of limited and shrinking 
financial and faculty resources, cou- 
pled with the ever-expanding knowl- 
edge base required for al'. health care 
professionals, it seems sensible to 
use an instructional methodology 
that has been proven effective, effi- 
cient, and less costly — computer-as- 
sisted instruction. 



REFERENCES 

1- Bitzer M, Bitzer D: Teaching nurs- 
ing by computer: an evaluative 
study. Computers in Biology and 
Medicine 3:187-204, 1973. 

2. Boettcher E, Alderson S, Saccucci, 
M: A comparison of the effects of 
computer-assisted instruction versus 
printed instruction on student learn- 
ing in the cognitive categories of 
knowledge and application. Journal 
of Computer-Based Instruction 
8:13-17, 1981. 

3. Droste-Bielak E: The use of com- 
puter simulation in teaching inter- 
viewing techniques to beginning 



nursing studenlslti a baccalaureate 
program. (Unpubli.shed doctoral di.s- 
sertation.) Ann Arbor: University of 
Michigan, 1980. 

4. Huckabay L, Anderson N, Holm D, 
I^e J: Cognitive, affective, and 
transfer of learning consequences of 
computer-assisted instruction. Nure- 
ing Research 28:228-233, 1979. 

5. Kulik J, Kulik C, Cohen P: Effec- 
tiveness of computer-based college 
teaching: a meta-analysis of find- 
ings. I^view of Educational Re- 
search 50(Winter):525-544, 1980. 

6. I.^u^n D: Computer-assisted in- 
struction in nursing. In: Specter A, 
ed. Computer technology in nursing 
education. Atlanta* Southern 
Council on Collegiate Education for 
Nursing, 37-46, 1984. 

7. Larson D: The use of computer- 
assisted instruction to teach calcula- 
tion and regulation of intravenous 
flow rates to baccalaureate nursing 
students. (Unpublished doctoral dis- 
sertation.) East Lansing: Michigor 
State University, 1981. 

8. Maatsch JL, Hoban JD, Sprafka 
SA, Hendershot NA, Messick JR: A 
study of simulation technology in 
medical education. East Lansing: 
Michigan State University Office of 
Medical Education Research and 
Development, 1977. 

9. Pagliaro L: CAI and instructional 
interactions. In: Proceedings of the 
Annual Conference of the Associa- 
tion for the Development of Com- 
puter-Based Instructional Systems, 
151-160, 1982. 

10. Rubinson LG, Robinson JA: Com- 
puter-assisted instruction in health 
education: a pilot study. Interna- 
tional Journal of Instructional 
Media, 1977-78. 



COMPUTER PROLIFERATION: AN 
EXPERIENCE TO SHARE 

Patricia Tymchyshyn 

Statewide Nursing Program, The Consortium of the Cahfornui State University, 
Long Beach, Calif orr la 



Nur?es around the world are sharing 
ways in which computers and infor- 
mation science can help their profes- 



sion adapt to a technocratic society. 
Two significant undertakings di- 
rected at formal support of these 



efforts are a working group estab- 
lished under the International Medi- 
cal Informatics Association (IMIA), 
and an international nursing sym- 
posium planned for 1985 in Canada. 
Their ultimate goal is establishment 
of an InteiTiational Nursing Infor- 
matics Association. There is also a 
strong commitment toward encour- 
aging IMIA countries just beginning 
their computer explorations, and 
promoting publication of develop- 
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ment efforts and network building. 
Nursing informatics is broad in 
scope, encompassing the use of com- 
puters and information science to 
provide and improve patient care, 
develop educational courseware, as- 
sist with administrative tasks, and 
support research. 

As an individual, my contribu- 
tions are in the exchange of infor- 
mation and ideas about the use of 
computers in a nursing education 
setting. I am keenly interested in 
feedback about how our experiences 
and products may be of use to others. 

NURSING PROGRAM OVERVIEW 

Before proceeding with a descrip- 
tion of computer applications, a 
brief overview of our instructional 
program in California may be of 
assistance to the audience. The 
Statewide Nursing Program (SNP) 
has offered a BS degree in Nursing 
since the spring of 1981. It is one of 
ten academic degree programs pre- 
sented by the Consortium of the 
California State University to meet 
the needs of students who, because 
of employment, family, or geo 
graphic constraints, cannot enroll in 
traditional campus baccalaureate 
programs. Instruction is offered in 
the afternoon and evening, as well as 
on the weekend, in classrooms in or 
close to cKi'iical facilities. Lectures, 
discussions, and seminars have been 
the main modes of teaching. 

With a major grant from the Kel- 
logg Foundation, however the entire 
degree program is being converted 
to a learner-centered format that 
uses print, video, and computer 
media, ie, workbooks, videotapes, 
computer-assisted instruction (CAI), 
and interactive videodisc lessons. 
There are 19 courses with 53 work- 
Looks and approximately 24 video- 
tapes and computer lessons under 
development. This is a team effort; 
instructional designers, content spe- 
cialists, graphic artists, computer 
specialists, media specialists, actors, 
script writers, directors, producers. 



word processors, and editors work 
together in developing -nstructional 
materials. 

COMPUTER APPLICATIONS 

Computer technology is integrated 
into each facet of the SNP program, 
administrative, and delivery, as well 
as instructional development. From 
micros to mainframe, IBM to Cyber, 
along with Xerox 820 lis, a vari- 
typer and Z6000 thrown in for spice, 
the hardware is a glittering array of 
silicone marvels. 

Instructional Development 

Instructional designers and subject 
matter experts work together in de- 
veloping content and learning activi- 
ties for workbooks. Xerox 820 II and 
Osborne microcomputers utilize the 
Wordstar software program to re- 
place pencil and typewriter in the 
process of text production. A modem 
and "move-it" software make the 
two micros compatible fcr word 
processing of text. Thus a designer 
or word processor can work away 
from the antral office on a portable 
Osborne. The disc can be mailed in 
or transferred over phone lines. 

Telecommunication also enables 
sophistica' " >rint fonts to be added 
to workbook text. The text, con- 
tained on a Xf fox 820 floppy disc is 
transferred through a 1200-baud 
modem to anothti* floppy disc con- 
tained in a varityper computerized 
printer. The varityper inserts titles 
and headings according to coded 
instructions, resulting in camera- 
ready copy fo. printing. 

Computers aid in producing titles 
and headings for videotapes, also. A 
character generator computer in- 
serts titles, credits, and text at any 
point within the tape. Still another 
computer, the Z6000, assists the 
videotape editor in making cuts and 
dissolves. Thus hours of videotaped 
sequences are smoothly and accu- 
rately edited into a final product, 
which may be no longer than 15 
minutes in length. 



CAI is, of course, the largest com- 
puter application area. The bakic 
components consist of four IBM PCs 
and an IBM XT, each with Mitsu- 
bishi RGB monitors; Okidata dot 
matrix printers {M cps), graphic 
digitizer pads, and software; an 
Apple He; one Micro PLATO termi- 
nal; and a Hayes modem with sub- 
scriptions to CompuServe and Di- 
alog databases and bulletin boards. 
NCI Pascal was the programming 
system selected because of its trans- 
portability, storage capacity, and 
quick response time. TI:ere are three 
programmers, two computer special- 
ists, a graphic artist, a content spe- 
d '"^t, and an instructional designer 
who heads the group. Some had had 
previous experience with PLATO 
and Apple projects, but none had 
worked with NCI Pascal or IBM 
PCs. For a few months everyone was 
learning on the job. Now the team is 
well organized and has produced a 
test authoring system, computer 
literacy lessons, a clinical simulation 
on the stress response for patho- 
physiology, a diagnostic chemistry 
test, and a remediation package. 
The pervasive instructional designs 
are simulation and problem solving 
inquiry modes. Because gaming is 
popular with learners, self-assess- 
ment quizzes have been adapted to 
run on a crossword puzzle format. 
The team is committed to incorpo- 
rate as much as the computer's ca- 
pabilities as possible into lesson 
designs. This includes complex 
branching and judging routines, 
computations, data storage and re- 
trieval functions, as well as experi- 
mentation with color and music for 
feedback. 

Administration and Delivery 
Computerization 

Evaluation and record keeping tasks 
are computerized through an elec- 
tronic mail service linking the 1000 
miles that span the 19 California 
State campuses. dBASE II and 
ABstat softwa.-e assist in processing 
class enrollment and questionnaire 
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analysis. In addition, an IBM XT, 
containin*^ a 10- megabyte hard disc, 
has proved invaluable for processing 
budget information and developing 
job rate cards for each of our prod- 
uct areas, ie, workbook, videotapes, 
and computer lessons. 

On the program delivery side, 
learning centers situated in clinical 
facilities within the 19 California 
State regional campus areas are 
equipped with IBM PCs, videotape 
players, video cameras, and moni- 
tors. A liaison from the development 
team visits each center and orients 
instructors to the hardware. 



The list of references below is pre- 
sented as part of a quarterly feature 
in CLSE designed to help readers 
become aware of current literature 
pertinent to computer applications 
in life science education. 

Alessi SM:- Designing effective computer as- 
sisted instruction. Amer Biol Teach 
46:146-151, 1984. 

Aniada G: Why educators .should take the 
interactive media plunge. Educational- 
Indu-strif' Televi.sion l.'5:45-46, 56. 1983. 

Argo JK et al. A com puter-niaii aged chnical 
evaluation .sy.stem: implications for com- 
petency-based dietetic education programs. 
J Am Diet Assoc 84:36-41, 1984. 

Argo JK et al: A computer managed in.struc- 
tion .system applied to dietetic education. J 
Am Diet A.ssoc 79:450-452, 1981. 

Arons AB: Computer-ba.S€d in.structional di- 
alogs in .science courses. Science 
224:1051-1056, 1984. 

Baston K: Apple He and IBM PC. Compan- 
ion of America's mo.st popular personal 
computers. Po.stgrad Med 75:279 -282, 1984. 

Billings DM:- Evaluating computer assi.sted 
in.struction. Nurs Outlook 32:50-53, 1984. 

Brawley lU et al: Interactive videodisc, an 
innovative in.structional system. Am Ann 
Deaf 128:685-7(K), 1983. 



CLOSING REMARKS 

The rapid evolution of computers is 
both exciting and frustrating. On 
the one hand, it s exciting to be on 
the cutting edge of development, 
experimenting wi'^h telecommunica- 
tion and CAI designs. On the other 
hand, as soon as a new piece of 
software or hardware is purchased, 
it's either obsolete or in need of 
immediate upgrading. By the end of 
1985 we will have completed devel- 
opment of all products; just in time 
to begin again with revisions. Tech- 
nology is not for the faint of heart. 



Conklin DN: A stud\ of computer-based 
in.struction in nur.sing education. J Com- 
puter-Based Inst 9:98-107, 1983. 

Crovello TJ:< Pwolution of educational soft- 
ware. Am Biol Teach 46:140-145, 1984. 

Crovello TJ: Pwaluation of educational soft- 
ware. Am Biol Teach 46:173-175, 1984. 

Curry I. et al: Computerization of under- 
graduate medica! curriculum content. Med 
Kduc 18:71-74, 1984. 

P^llis LBM et al: Health education using 
microcomputers: initial acceptability. Prev 
Med 10:77-84, 1981. 

pjver.sole LU: Programmed in.struction in gen- 
eral pathology: evaluation of performance 
in comparison to conventional instruction 
and .scholastic achievement. J Dent Educ 
4:}:214-21G. 1979. 

Galloway E et al: Information providers and 
v'deodi.sc/optical disk technology. J Am 
Soc Informat Sci 34:414-416, 1983. 

Ha^ssett MR. Computers and nursing educa- 
tion in the I980*s. Nurs Outlook 32:34-36, 
1984. 

Hicks D: Administrative dilemma: how to 
stop worrying and start loving the com- 
puter. Am Ann Deaf l28:557-.')63, 1983. 

Hoekema J: Interactive videodi.se: a new 
architecture. Performance and In.struc»«on 
22:6-9, 1983. 

Holmes ZA et al: Computer .simulated labora- 
tory experiments in food .science. J Am 
Diet Assoc 76:474-476, 1980. 



Hord KV: Guidelines for designing 
computer-assi.sted ir.struction. In.struc* 
tional Innovator 29:19-23, 1984. 

HoweS: Intt'ractive video In.structor 
93:108-110, 1984. 

Ja.son H.'WilI computers dehuinant/e medical 
care and education'' J Fam Pract 
I8:r)2r)-r)27, 1984. 

rJones GL et al: Computer clinical simulations 
111 health .sciences. .J Computer- Based In.st 
9:108-114, 1983. 

Keansley G: In.structional videodi.se. J Am 
Soc Informat Sci 34:417-423, 1983. 

Kosmski ItJ: Producing computer assisted 
in.struction for biology laboratories. Am 
Biol Teach 46:162-167, 1984. 

I/ee KC et ai: A model for competency-based, 
computer-managed in.struction in allied 
health -J Allied Health 11:106-114, 1982. 

I^ee .J: Individualized instruction and con- 
tinuing education by computer. J Am 
Optoni Assoc 50:441-442, 1982. 

Lunin LF: Videodisc and optical disk: tech- 
nology, research, and applications. J Am 
Soc Informat Sci 34:406-407, 439-440, 
1983. 

Manning DT et al: Student acceptance of 
videodisk- based programs for paramedical 
training. Tec mological Horizons in Educa- 
tion 11:105-108, 1983. 

Mclntyre JWR: Computer-aided in.struction 
as a part of an undergraduate programme 
in anaesthesia. Can Anaesth Soc J 27:68-73, 
1980. 

McMillen JD et ai: Microcomputers for 
laboratory data collection. Am Biol Teach 
46:157-161, 1984. 

Moore ML: The expansion of analytical 
thinking of the science student through 
interaction with the TIlS-80. Am Ann Deaf 
128:714-716, 1983. 

Munro JGC: Computer analysis of the .stu- 
dent log diary: an aid in the teaching of 
general practice and family medicine. Med 
Educ 18:75-79, 1984. 

Pagliaro LA: Analysis of computer-assisted 
in.struction in pharmacology. Proc West 
Pharmacol Soc 24:113-115, l98l. 

Paris J: Basics of videodi.sc and optical di.sk 
technolor , . J Am Soc Informat Sci 
34:408-413, 1983. 

Petenson JA et al: Managing a test item bank 
on a microcomputer: can it help you and 
your .students'' Technological Honzons in 
Education 11:120-122, 1983. 

Ko.se DA: Ootical di.sk for digital storage and 
retrieval .systems. J Am Soc Informat Sci 
34:434-438, 1983. 

Ro.senblatt RA et ai: The microcomputer as a 
vehicle for continuing medical education. J 
Fam Pract 18:629-632, 1984. 

Schleutermann J A et al: An evaluation of 
paper-and-pencil and computer-assi.sted 
simulations. J Nurs Educ 22:315-323, 1983. 

Self CC et al. Computers in audio-tutorial 
biology. Am Biol Teach 46:168-172, 1984. 
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Sladen JG: The persona! computer as a 
clinical research and teaching tool. Am J 
Surg 147:654-659, 1984. 

Sustik JM et al: Retrieving information with 
interactive videodiscs. J Am Soc lu format 
Sci 34:424-432. 1983. 

Talley RC et al: Computerized program for 
internal medicine junior clerkship cognitive 
knowledge. J Computer- P'^sed Inst 
9:115-119, 1983. 



The Bulletin Board will be pub- 
lished periodically to inform readers 
of upcoming meetings of interest. If 
you know of meetings, symposia, 
continuing education courses, etc. of 
interest to life science educators that 
do not appear in The Bulletin Board, 
please let us know. Send pertinent 
information to: Dr. Harold Modell, 
Virginia Mason Research Center, 
lOOO Seneca Street, Seattle, WA 
98101. 

January 9-11, 1985. Third Annual 
Scientific Meeting of the Society for 
Research in Nursing Education. San 
Francisco, California. 

Contact: 

Dr. Nancy Diekelmann 
Graduate Program 
Center for Health Sciences 
University of Wisconsin-Madison 
School of Nursing 
600 Highland Avenue 
Madison, 53792 
(608) 263-52C0 

February 4-6, Vm. 1985 Office 
Automation Conference. Theme: 
"Today's Partnership: People and 
Technology.** Atlanta, Georgia. 



Tali on B et al:* Microcomputcns and biolog> 
teaching — an overv iew and some ideas for 
future development. Sch Sci Kev 
65:255-263, 1983. 

Timpke J et al: Teaching drug dosages by 
computer. Nurs Outlook 29:376-377. 1981. 

Ward JS: Microcomputers in the teaching 
laboratory: a hematology case study Am ♦! 
Med Technol 45:248-249. I979. 

Wartak J et al: Computerized textbook of 
clinical pharmacology. Drug Intell Clin 
Pharm 18:419. 1984. 



Contact: 
OAC85 

A.rerican Federation of Informa- 
tion Processing Societies, Inc. 
1899 Preston WIdte Drive 
Reston, VA 22091 
(703) 620-8952 



February 27-March 1, 1985. First 
Annual Nursing Interactive Video 
Conference. Target population: 
nurse educators, nurses in practice, 
media health professionals, and in- 
teractive video producers and users. 
Sacramento, California. 

Contact: 

Dr. Pat Tymchyshyn 

The Consortium of the California 

State University 
Statewide Nursing Program 
6300 State University Drive 
Long Beach, CA 
(213) 498-4951 



March 7-8, 1986. "On-line, Off-line: 
Computer use in nursing." Atlanta, 
Georgif . 



Wolf MB. Hegulatjon of cub volume and 
electrolvtes. a coniputur assistiHl instruc- 
tion program. Physiologist 2():.394-396, 
198:}. 

Yucha C t»t ah" The use of computers in 
nursing education, practice and administra- 
tion. Computers and Education 7:223-226, 
1983 



Complied by H. Modell 



Contact: 

Dr Ethel Tatro 
Georgia State University 
School of Nursing 
University Plaza 
Atlanta, GA 30303 
(404) 658-3048 

March 25-29, 1985. 26th Interna- 
tional Conference on Computer- 
based Instruction. Philadelphia, 
Pennsylvania. 

Contact: 

Gordon Hayes 
Executive Director 
ADCIS International 
409 Mille, HaU 

Western Washington University 
BeUingham, WA 98225 
(206) 676-2860 

April 1-2, 1985. National Sym- 
posium in Using Microcomputers in 
Health Care Education. Omaha, 
Nebraska. 

Contact: 

James E. Van Arsdall, EdD 
Center for Continuing Education 
University of Nebraska Medical 

School 
42nd St and Dewey Ave 
Omaha, NE 68105 
(402) S39-4152 
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or: 

Robert S. Wigton, MD 
Graduate Medical Education 
(402) 559-7426 

April 10-12, 1985. "Computers 
in nursing: a dynamic interface." 
Columbus, Ohio. 

Contact: 

Dr. Mary Beth Strauss 
Director 

Continuing Education 
The Ohio State University 
College of Nursing 
1585 Neil Avenue 
Columbus, OH 43210 
(614) 422-5371 



April 19-21, 1985. 2nd Annual 
Symposium of Computer Applica- 
tions in Patient Care. Las Vegas, 
Nevada. 

Contact: 

Sheila Byrne 
Director 

Institute of Continuing Education 
for Nurses 

University of Southern California 

School of Medicine^ Post- 
graduate Division 

Department of Nursing 

Los Angeles County-USC Medical 
Center 

2025 Zonal Avenue 

Los Angeles, CA 90033 

(213) 224-7467 



May 1-3, 1985. International Sym- 
posium on Nursing Use of Com- 
puters and Information Science. 
Theme: "Building Bridges to the 
Future." Calgary, Alberta, Canada. 

Contact: 

Lois Kokcski 
Conference Coordinc tor 
International Symposium on 

Nursing Use of Computers and 

Information Science 
Conference Office, ED-102 
The University of Calgary 
Calgary, Alberta 
Canada T2N 1N4 
(403) 284-5051 

Compiled by D. Larson 
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anatomy, 5:36 
auscultation, 7:49 
axon, sinriulation of, 1:5 

Barr L, 3:19-22 

basic science, computer simulations and, 
2:14 

biological systems, simulation of, 

2:11-14 
biology, 6:44 
Blanchaer MC, 2:14 
Blumhardt H, 4:29-32 
Brubeck JD, 6:41-43 

carbon dioxide transport, 8:58 
cardiovascular simulations, 1 :5 
classroom use of computers, 1:1-3 
clinical simulations, 2:14 
Coleman TC, 2:11-14 
Comer RC, 5:37 

computer lesson, structure of, 1:6 
conferences, teaching in, 1 :4, 8:60 
cost-effectiveness of CAI, 9:66 
Crovello TJ. 6:44-46 



data acquisition, 3:19, 7:54 
database services, 6:42 
diagnosis, simulated, 2:15 
discrete Fourier transform, 4:30 
drills, 7:54 

Electrohome projection monitor, 3:18 
exams, 5:39 

graphics 

dissociation curves and, 8:58 
in radiology, 4:30 
slides and, 5:33 

hardware, for physiology lab, 3:20 
health care, 9:65 
Heidcrmp WH, 7:54 
Hodgkin- Huxley squid axon simulation, 
1:5 

immunology, 5:39 
input-output dasign, 8:57 
interactive video system, 7:49 
laboratory, data acquisition in, 3:19 



Lancaster JL, 4:29-32 
Larson DE, 9:65 

laser discs, see optical videodiscs 

Lasher JC, 4:29-32 

lectures, computer use in, 2:9, 8:59 

Irvine SO, 5:33-36 

lung sounds, 7:49 

magnetic resonance imaging, 4:29 
mathematical models, 2:13 
Meinke WJ, 5:39 
Michael JA, 1:6 

Mic obiology- Immunology Test Item 

bank, 5:39 
Mikiten TM, 2:9-11 
model, see also simulations 

structure of, 2:13 
Modell HI, 1:1-3, 8:57-62 
Mosley ML, 7:49 
multiple choice questions, 2:15 
multiuser system, 3:20 

networking, national, 6:41 
Neuroscience Software Project, 2:9 
nursing, 9:67 

optical videodiscs, 4:25 
osmotic pressure, 5:34 
oxygen transport, 8:58 

physiology, 1:4, 5:36 
comparative, 7:54 

laboratory data acquisition and, 3:19 
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pictures, storage of. 4:26 
problen* «ts, 1:2 

piograninieij ^earning material, 1.2 
programs, see also software 
guidelinas for, 3:22 
preparation time for, 5:35 
projection monitors, 3:17 



radiology, 4:29 

renal glomerular circulation, 5:34 
Hovick AA, 1:6 



Schottelius HA, 1:4 -6 
.simulations, 1:2 

biological .sy.stenis, 2:11-14 

clinical, 2:14 
slides, graphics in lieu of, 5:3;J 
software, 8:62 

evaluation of, 7:51 

graphics, 4:30 

for phy.siology lab, 3:21 
Sony projection monitor, 3:18 
sound in in. struct '.on, 7:50 
Stein R. 3:19-22 
Story NO. 7:49 



tabular data, 8:60 
teleconimunic'ditions, 6:42 
Tucker C, 7:51 
Tymch>rhyn K 9:67 



videodi.scs, 4:25 
Vincenzi FF, '^:17 
voltage clamping, 1:5 



Walters J, 7:49 
Wooley-McKay D, 5:36 
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The computei can be used in a 
variety cf ways to support life sci- 
ence education. One of the most 
promising Unes is the creation of 
"courseware," software that teaches 
the stuc' nt directly about some 
aspect of trie curriculum. Course- 
ware takes a variety of forms, from 
graphical simulation of biological 
phenv^.nena to tutorial instruction 
on nomenclature or patient simula- 
tions. 

Courseware can either be purchas- 
ed from outside vendoi-s or written 
to your direct specifications. When 
we first encounter computer course- 
ware, we are often not very im- 
pressed by its quality. There is a 
great temptation to say, "I could 
V nte something better than that!" 
With the variety of authoring meth- 
ods that are available today, it prob- 



ably is true that you can write good 
courseware, no matter what your 
level of programming experience. 
Lack of programming background 
can often be compensated for by the 
purchase of software that supports 
the user and takes care of many of 
the details that otherv^'ise would be 
time-consu..i!ng and frustrating. 

The key to creating good course- 
waro is developing a clear idea of 
what you want to do and then ac- 
quiring the correct tools and re- 
sources to accomplish what you need. 
This article will not address the 
conceptual problems, but will be 
concerned with the kinds of tools 
that are available toda}. Vv^e will 
identify three different types of tools 
and contrast their capabilities. 

The discussion u ill be fairly ab- 
stract, and we will not evaluate par- 
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tioular software packages, but rather 
identify the kinds of capabilities 
that have been important to course- 
ware developers in the past. Specific 
software products in the market- 
place change so rr.pidly that product 
evaluations are almost always ob- 
solete before they are printed. ^ ev- 
ertheless, we have cited several such 
evaluations,^"'* ' and the user can 
certainly find more. The high rate of 
change should encourage each of 
you to evaluate your own situation 
ai.d the resources available to your 
before making a decision. 



AUTHORING SOFTWARE 
FUNCTIONS 

There are several different software 
functions that have been important 
in the creation of courseware, but 
the relative importance of each one 
will vary from application to appli- 
cation Authoring methods support 
these furictions to various degrees, 
so the >election of an authoring 
method depends largely on which 
functions are important to you and 
which functions the various methods 
available to you support. 

One of the n,ost important func 
tions is graphics. Some courses 
r2ally require a lot *^ hv 
pictorial output, wh. r .it lis 
output is unimportant or trivial. 
Some authoring methods, ^'uch as 
PILOT or LOGO, are highly ori- 
ented toward graphics anc have a 
lot of functions in their language 
that create or modify graphical out- 
put. Others, such as IIS or Coui^- 
writer from IBM, have less graphical 
capability, providing block cr char- 
acter graphics only. 

Another important function is 
questioning the student. Some 
methods only support certain kinds 
of questions. Some will only allow 
true/false or multiple choice ques- 
tions, while others will permit virtu- 
ally any kind of question structure. 
Some will generate different ques- 
tions for each student with some 



k'nc' of random number generating 
p ocedure. Others require a hxed .set 
of questions for each student. 

related to this function is the 
analysis of answers. Authoring 
methods vary in their ability to 
analyze the ar.swers that the stu- 
dent supplieij. Some can accept only 
simple numerical ( r alphabetical 
answers, while others will perform 
complex analytical operations, al- 
lowing several different aspects of 
the answer to be analyzed separate- 
ly. Some will allow alternate spell- 
ings of answers or permit text to be 
searched for specific key words or 
phrases. 

Authoring methods also differ in 
their ability to vary the lesson by 
taking different paths in response 
to the iCc^dent's answer. Some lan- 
guages supply elaborate branching 
capabilities, while others force each 
student to follow the same path 
through the lesson, more or less 
regardless of tiieir capability. 
Br'^nching capabilities allow the 
a .nor to create more complex les- 
sons with more options for the stu- 
dent. 

Another important function is 
student record-keeping. Methods 
vary in their ability to keep records 
of -I student's performance. Some 
methods oo almost no record- keep- 
ing, limiting themselves to inform- 
ing the student about right or wrong 
answers. Some provide elaborate 
scoring systems that will I'.eep track 
of all right and wrong answers and 
present an overall score at the end 
of the lesson. Others make a record 
of each student's response to each 
question and pennit elaborate anal- 
ysis of wrong answers after the Lt.- 
sons have been c nipleted. This aids 
instructors in identifying typical er- 
ror patterns and providing remedial 
instruction to correct them. 

Finally, there is the matter of 
special input/output (I/O) devices. 
Some lessons require particular video 
or audio input that is not available 
from standard computer I/O de- 
vices. For example, some authoring 



methds will drive video disk or 
tape players, while others will not. 
Some will permit the u.ser to attach 
audio devices, high resolution graph- 
ics .screens, color monitors, touch 
screens, etc, while others have a 
strictly limited .ange as to the de- 
vices they will drive. 

All of the above con.siderations 
are important in the selection of an 
authoring language. The most im- 
portant thing is to be clear in your 
own mind about what sort of lesson 
you are actually planning to write. 
This will help you to define the 
kinds of functions that will be im- 
portant to you, and this in turn will 
lead to a good set of criteria for the 
selection of an authoring method. 

Choices about authoring methods 
depend partly on your own pro- 
gramming ability and partly on your 
need for the particular functions 
described above. There are three 
major categories of authoring meth- 
ods that you may u.se to construct 
courseware. You may use 1) an au- 
thoring system,^ 2) an authrring 
language,^ ^ or 3) a general-purpose 
programming language.'*" 

Authoring systems are the sim- 
plest to use and require the least 
programming background of any of 
the above approaches. They also 
produce courseware more quickly. 
Authoring languages require some- 
what more programming skill, and 
programming languages require even 
more background. These last two 
methods require more programming 
time per lesson and are also more 
difficult to learn. 

On the other hand, authoring sys- 
tems typically allow the author less 
flexibility in the creation of course- 
ware. The product is more struc- 
tured m a dvance, and the author 
cannot be as creative in the pro- 
gramming of the computer. The 
authoring languages and program- 
ming languages are more flexible 
and are usually required if the 
author wants to do something that 
is technically o. .ructurally innova- 
tive. 
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AUTHORING SYSTEMS 

An authoring system consists of a 
set of menus that direct you through 
each step of setting up a lessv>n. 
Authoring systems may run on either 
Mainframe computers or micros, but 
they are usually easy to use and 
provide a lot of coaching in prepar- 
ing lesson plans, outlining a course, 
setting up screens, preparing graph- 
ics, etc. 

Authoring systems are usually set 
up as a series of menus that are 
presented to the user in a regular 
sequence. The menus allow the 
author to make a series of simplified 
choices that guide him/her through 
the process of lesson construction. 
The authoring system does much of 
the work of programming the com- 
puter, so the author can concentrate 
on problems of designing the lesson. 

A sample menu is shown in Figure 
1. This menu is taken from the CAI 
Toolkit software produced by Soft- 
cat Inc. This is a registration menu 
used to add, change, or remove stu- 
dents from the class list av.i to 
change lesson assignmen Yuu can 
see that the options are shnple, and 
the selection of them is straightfor- 
ward. 

Authoring systems also can pro- 
vide a variety of features that are 
nr»t offered by authoring languages. 
These features make the prepara- 
tion of lessons easier, and make the 
administration of a lesson system 
possible without additional coding 
by the author. 

One such feature allows the author 
to interact with lesson material as it 
is being prepared. Some systems 
allow the author to run lesson mate- 
rials in a " testing mode." This per- 
mits the author to take the couise 
as if he/she were a student but with 
thv additional ability to jump »n ard 
out (»f the lesson to make changes as 
tlie lesson is presented. This feature 
can be very useful in updating les- 
sons and can save a lot of compila- 
tion time and cost while the lesson is 
being prepared. 



Another feature that many au- 
thoring systems offer is a course 
administration facility. This allows 
the author not only to create the 
lesson but also to set up a file that 
iocords which students are taking 
the lesson, keeps track of each stu- 
dent who has completed the lesson, 
and keeps track of the scores that 
each student has achieved. In ad- 
dition, many authoring systems al- 
low grading of each student and will 
record information on multiple 
classes having multiple lessons. 

p]xamples of authoring systems 
are the Interactive Instructional 
System (IIS) from the IBM Corpo- 
ration, the Scholar/Teach 3 system 
from IBM, and the Phoenix soft- 
ware from Goal Systems. Each of 
these has both a mainframe and a 
microcomputer version, with differ- 
ent capabilities. These are only ex- 
amples. There are many other au- 
thoring systems on the market. You 
should consult journals in the area 
for reviews of mdivic ual products.-" * 

Authoring systems provide a lot 
of support for the author and can 
save time and improve productivity, 
particularly for inexperienced au- 
thors, by providing a lot of structure 
for the author. Each step of lesson 
preparation is predetermined, and 
the author is taken through each 
option every time a lesson is 
prepared. 



TOOLKIT 

REGISTER 

MAIN MENU 

Add users 
Remove - >ers 
List ^sers 
Make assignments 
Delete assignments 

Type first letter to select option 

Press F8 key to exit 



FIGURE 1. Sample menc; 



The stmcture that is so support- 
ive, however, can also be a handicap. 
In many cases, authoring systems 
are quite restrictive m the kind of 
lessons that they will prepare. 
Courseware must follow a fairly rigia 
format with little deviation permit- 
ted. There may be restrictions on 
the kind of screens permitted, the 
structure of lessons, the types of 
questioning that the system allows, 
and the graphics capabilities. 
Authors .should review the specifica- 
tions carefully before purchasing 
such systems and, if possible, spend 
some time trying to use them to get 
an impression of how well the sys- 
tem is suited to their instructional 
goals. 

Another problem with authoring 
systems is their cost. They tend to 
be quite a bit more expensive than 
authoring languages. In most cases, 
this cost is justified by the larger 
number of features and improved 
support foi the author. You should 
bear in mind that software costs are 
generally quite low in comparison 
with costs of personnel time. If an 
authoring system saves you signifi- 
cant amounts of time, it will prob- 
ably earn its cost back quickly. 
However, that cost can run into 
thousands of dollars, so purchasing 
decisions must be carefully weighed, 

AUTHORING LANGUAGES 

An alternative to authoring systems 
is to use ail authoring language di- 
rectly. Authoring, languages are 
computer languages that are specifi- 
cally designed for creating comput- 
er-assisted instruction lessons. 
Authoring languages are more flexi- 
ble and may provide the author 
with more programming capability 
than an authoring system. They are 
also usu«>.!!y much cheaper. They 
lack, however, .he support features 
of the more general authoring sys- 
tems. Features such as lesson design 
aids and student accounting support 
are usually missing trom authoring 
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languages. However, the author may 
program such features directly using 
the capabilities of the laiiguage. 

An authoring language allows the 
user to create an actual computer 
program that delivers a lesson to the 
student. Programs are created one 
line at a time using a syntax that is 
somewhat similar to that used for 
general programming languages such 
as FORTRAN or PASCAL. The 
difference is that the syntax is spe- 
cifically designed for lesson prepara- 
tion. The basic instruction set in- 
cludes commands for such functions 
as setting up a screen, presenting a 
question, and accepting an answer. 

Most authoring systems have an 
authoring language associated with 
them. The authoring system may do 
the work of programming the com- 
puter in the authoring language. 
Some authoring systems provide the 
author with the capability of access- 
ing the authoring language directly, 
and programming part of the lesson 
in line-by-line code. 

Rules of syntax for authoring lan- 
guages vary along with the capabili- 
ties of the languages. These differ- 
ences can be important to the 
author, and you should examine the 
capabilities of each language before 
making a purchasing decision. Each 
authoring language has particular 
features that make it more effective 
for some applications than for 
others. It is wise to look at the kinds 
of lessons that have been written in 
a language when you are considering 
it for purchase. These will indicate 
how the anguage has been used 
successfully in the past and will 
point to the features that are most 
useful to the author. 

Examples of authoring languages 
are PILOT and TUTOR. Each of 
these supplies the author with an 
instruction set that can be used to 
create lessons directly, one instruc- 
tion at a time. The author controls 
the actions of the machine directly 
through language instead of indi- 
rectly as with an authoring system. 



Courses written in an authoring 
language are compiled or interpreted 
by the computer and are executed 
by students in just the same wa> as 
those from authoring systems. They 
can be modified in response to stu- 
dent feedback and author evalua- 
tions, recompiled, and tested again. 
Courses written in authoring lan- 
guages are often portable, that is, 
they can be run on different ma- 
chines that have a compiler for that 
authoring language. 

The advantages of an authoring 
language are the direct control that 
it gives er the coding process. The 
author can be more flexible in the 
design of the lesson and is not re- 
stricted by the structure d an 
authoring system. Authoring lan- 
guages are usually much easier to 
learn than general purpose program- 
ming languages. The command set is 
well suited to the preparation of 
lessons and corresponds well with ai. 
intuitive view of what goes on dur- 
ing a lesson. The languages are sim- 
ple enough that they can be learned 
quickly, even by a novice program- 
mer, and they can be highly produc- 
tive for experienced users. 

On the other hand, authoring lan- 
guages rarely provide the kind of 
user support that authoring systems 
provide, and they do not provide as 
much flexibility as a general-purpose 
programming language. There is 
rarely support for grading, student 
registration, class record-keeping, or 
lesson design as with an authoring 
system. Construction of lessons may 
be very tedious since each line of the 
screen must be entered and specified 
separately. At the same time, the 
syntax of most authoring languages 
is very simplified and does not pro- 
vide the capabilities of the more 
sophisticated languages. Complex 
record structures are not pennitted, 
and th** author's creativity may be 
inhibited by the lack of options pro- 
vided. 

In some cases, you may not be 
able to find an authoring language 



that supplies the kind of support 
that yc need, or you may need to 
drive certain input ur output devices 
that no autlioriiig language will ad- 
dress. In that case, you may have to 
resort to vriting the course in a 
general-purpose programming lan- 
guage. 



GENEFAL-PURPOSE 
PROGRAMMING LANGUAGES 

General-purpose languages, such as 
FORTRAN, PASCAL, BASIC, and 
assembler langiiages, allow much 
more direct control of the functions 
of the machine and may well allow 
you to do things that are not possi- 
ble in an authoring language. Com- 
plex record i,tructures are supported, 
and virtually any kind of capability 
can be programmed into your 
courseware if you are willing to 
spend the time and resources to 
create it. 

Unfortunately, you pay a penalty 
for this capability. Usually, courses 
written in a general-purpose lan- 
guage are much more time-consum- 
ing and tedious to write than those 
written in an authoring language. 
They are also more expensive to 
maintain and update than the sim- 
pler authoring language programs. A 
higher level of training is required 
for both the designer of the course- 
ware and its programmer. 

However, there are some cases in 
which it is much more appropriate 
to use general-DJirpose languages. If, 
for example, you need special graph- 
ics effects such as animation, or you 
want to execute some routines at 
very high speed, or you need to 
provide complex record structures co 
keep track of user activities, you 
may have to use the more general 
languages.^'^ 

Many of the more innovative in- 
structional developers will use gen- 
eral-purpose languages. This is be- 
cause they are creating materials 
that use state-of-the-art effects not 
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available through standard author- 
ing languages or authoring systems. 
The creation of these effects is rela- 
tively expensive and time-consum- 
ing, but it can result in greater 
instructional effectiveness. 

One interesting application that 
requires the use of general-purpose 
languages is the use of artificial in- 
telligence techniques in courseware. 
These programs usually build an 
internal model of the learning state 
of the student as he/she progresses 
through the lesson. This model is 
updated as the student responds to 
questions from the program, and the 
lesson is modified or adapted to the 
student's progress on the basis of 
the model. 

This type of application is ex- 
perimental and relatively time- 
consuming and complex to develop. 
It requires the full capability of the 
computer to create and can only be 
developed in a general-purpose lan- 
guage. It may turn out to be an 
in:portant feature of successful 
courseware, however, and future 
authoring systems and languages 
may be adapted to provide such 
features as a standard. 

SUMMARY 

We have identified several software 
functions that are important in the 
creation of computer "coursev.'r\re." 
We have developed a typology of 
authoring methods and discussed 
the relative merits and problems of 
each approach. Authoring systems 
were identified as the most "user- 
friendly" and simplest, but with 
the most restrictive structure and 
highest purchase cost. Authoiing 
languages are an intermediate ap- 
proach, offering moderate difficulty 
but with increased coding flexibility 
at reduced cost. General-purpose 
programming languages require the 
most training to up<» and the most 
programming time, but they provide 
the user with the maximum in de- 
sign flexibility. 
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Faculty menr'bers who produce 
lesson-oriented'' computer-based ed- 
ucation (CBE) materials have three 
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curriculum content for computer- 
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computer programmer and of an 
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design (eg, "bootstrap" it), or use an 
authoring system. 
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ditional fiscal resources and the sec- 
ond additional time. The third is a 
viable option, and the purpose of 
this article is to acquaint faculty 
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lead cou^'seware developers through 
a process of writing instructional 
programs, and they generate the 
underlying computer code. This is 
usually accomplished by presenting 
menus of authoring options and 
prompts for input. If codes and com- 
mands must be used, they typically 
are displayed with a request for a 
choice by the author. Authoring sys- 
tems can be contrasted with pro- 
gramming languages, such as BA- 
SIC, and authoring hnguages, such 
as COURSEWRITER, that require 
knowledge of programming logic, 
code, and syntax. It is not, however, 
correct to assume that these cate- 
gories (programming languages, 
authoring languages, authoring sys- 
tems) are absolutely clear cut. Some 
authoring systems require the use of 
a few commands from the underly- 
ing programming language, and some 
authoring languages(eg, PILOT) can 
also be viewed and used as high-level 
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programming languages. Finally, 
some high-level languages make calls 
to assembly language routines. Since 
authoring systems are themselves 
programmed user friendly inter- 
faces, they are derivatives of un- 
derlying levels of computer code 
Consequently, they are not as rich 
and versatile as the programming 
language and can impose certain 
instructional constraints, such as 
branching and answer-judging ca- 
pacities. Some authoring systems, 
however, allow authors to incorpo- 
rate programming routines into les- 
sons to achieve any desired effect. 

Great interest in authoring sys- 
tems has been engendered because 
they can potentially enhance pro- 
ductivity and increase compu^^er use 
by novices. Thert has been a rush by 
computer manufacturers, software 
firms, and publishers to develop and 
market systems. When we started 
researching authoring system tech- 
nology about a y*»ar ago, we were 
aware of six commercial products. 
We have now identified over 60, and 
the two dozen systems we have re- 
viewed are changing constantly. 
Evaluating authoring sys^^ems is es- 
pecially difficult bt cause of the 
rapidly changing technology and be- 
cause both the quality of systems 
and the instruction they pr/duce 
must be considered. Although sys- 
tems vary, they have a number of 
common general attributes that can 
be described. The appropriateness of 
a system, however, should be de- 
termined within the context of local 
needs. Potential purchasers should 
see system demonstrations ana get 
actual hands-on experience with 
those svstems they find most rele- 
vant bolore making a final decision. 

SOURCE 

Once courseware development needs 
are determined, one of the first con- 
siderations is the reputation of the 
system producer or vendor. Their 
track records in software develop- 



ment and customer service should be 
determined. Sometimes geographical 
proximity affects service, and the 
availability of a local customer ser- 
vice representative is important. A 
list of previous system purchasers, if 
available, is helpful in getting opin- 
ions about vendor servic? as well as 
the product. 

HARDWARE REQUIREMENTS 

Different systems are geared to pro- 
ducing learning materials on differ- 
ent brands of microcomputers that 
may have to be configured in special 
ways (videotape or videodisc inter- 
face, extra memory, and so on). Some 
systems have multiple versions for 
different brands or create transport- 
able courseware. A system should be 
compatible with hardware either on 
hand or to be acquired. If course- 
ware is to be shared, systems with 
multiple brand versions and 
transportable products might be fa- 
vored. 

COSTS AND TERMS 

Authoring system prices and con- 
tracts vary considerably compared 
to other educational products. Some 
systems might be owned, others li- 
censed '^r leased. Moreover, there 
might be certain restrictions on 
ownership distribution, sale, and 
use of the courseware produced, and 
there often are initial and residual 
costs. For example, some vendors 
may want royalties on courseware 
sales, and many require use of spe- 
cial lesson presentation diskettes. 
After authoring is complete, lessons 
usually are transferred to these disk- 
ettes, and the number of presenta- 
tion diskettes required is generally 
equivalent to the numbers of stu- 
dents expected to take a course con- 
currently. Often presentation disk- 
ettes must be purchased, and the 
vendor is the sole source. Given the 
changing nature of systems, most 
contracts have provisions for up- 



grades, and most vendors are willing 
to customize their products for a 
charge. Terms should not conflict 
with organizational policies, and an- 
ticipated use and costs, both up- 
front and ongoing, should be rea- 
sonable, including costs for special 
hardware that might be required. 

SYSrEM OUTPUT 

Some systems are intended to author 
specific kinds of lessons (or only 
tests) while others are more versa- 
tile. The more capabilities systems 
have, the more complicated and ex- 
pensive they tend to be. An initial 
needs assessment will inhibit ten- 
dencies to become overinfatuated 
with "bells and whistles" that might 
create unique and unusual effects 
that have dubious influence on 
learning or not be relevant to the 
kind of courseware to be developed. 
Efforts should be made to match 
system output to local needs, and 
there may be situations where it 
may be desirable to acquire both a 
general purpose system and one that 
produces specific material. For ex- 
ample, if many multiple choice tests 
are to be generated, i . may be useful 
to buy an inexpensive system that 
does nothing else and can be easily 
used by clerical staff. A more general 
system might be acquired for more 
sophisticated courseware. 

AUTHORING FACIUTIES 

Systems have provisions for one or 
more of the following: text creation 
and editing, graphics, answer judg- 
ing, branching, and interface to other 
input or output devices. Text may 
vary in terms of font, color, columns 
used, and prespecification of display 
format. Some systems have word 
processing capabilities and allow in • 
stant preview and modification of 
displays. Others allow use of exter- 
nal word processing software. Simi- 
larly, some systems have built-in 
gra )hics facilities, while others rely 
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on external software. Sometimes 
prompts for input are generated au- 
tomatically, and there may be more 
or less flexible means of judging 
selected or completion responses. 
Most systems have provisions for 
branching, but there may be restric- 
tions on the number of branches 
from a given display and/or the 
total number of branches per lesson. 
Branching and lesson size will also 
be constrained by the amount of 
computer memory available. Sophis- 
ticated systems provide for video- 
tape or videodisc interface and may 
have touch screen, light pen, or 
mouse input, or may allow the use 
of graphics tablets and overlay of 
graphics on ^/ideo. Some new sys- 
tems have voice input and speech 
output. Authoring facilities should 
accommodate the type of instruc- 
tion required. Both the authoring 
system and the courseware created 
should be easy to use. 

MANAGEMENT COMPONENTS 

Some systems make no provision for 
record keeping and those that do 
vary considerably. When provided, 
record keeping capabilities range 
from rostering and registering stu- 
dents to recording lesson comple- 
tion, paths through lessons, re- 
sponses to specific questions, stu- 
dent comments, and overall test and 
individual test item performance. 
There may be provisions for test 
analysis and record security. The 



question is whether management ca- 
pabilities are needed and whether 
those provided are appropriate. 

DOCUMENrATION / TRAINING 

Finally, evaluation efforts should in- 
clude system documentation and re- 
lated training. Some systems are 
learned more rapidly because they 
are less complex and easier to use. 
However, some documentation usu- 
ally must be consulted and formal or 
i formal training may be necessary. 
Documentation can take the form of 
manuals, help facilities, and even 
comment or remark statements em- 
bedded in the underlying program 
that drives the system. The latter, 
however, are normally not accessible 
to typical users. Training usually is 
in the form of formal courses, one- 
on-one instruction with an expert 
system user, or self-instructional 
materials. Documentation and train- 
ing should be accurate, clear, con- 
cise, and current with system up- 
dates. 

CONCLUSION 

Authoring systems are appearing 
that make co irseware development 
easier. However, they do not neces- 
sarily ensure that better instruction 
will be produced. A thorough knowl- 
edge of learning theory and instruc- 
tion-l design is still required. More- 
over, authoring systems may not 
result in mt re courseware develop- 



ment by faculty who are iiot other- 
wise inclined to do so or who may be 
adverse to new technology. The brief 
guidelines presented here may be 
lielpfjl in focusing assessments of 
commercial systems currently avail- 
able. We are preparing a more de- 
tailed resource and the references 
below might be consulted for further 
information. New systems are 
being developed that use artificial 
intelligence techniques, and they will 
undoubtedly add capabilities that 
should be taken into account. How- 
ever, the attributes described will 
remain important, and system selec- 
tion will still be dependent upon 
local needs and preferably based on 
systematic review, demonstration, 
and actual use. 
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COMPUTER CULTURE SHOCK: 

A CASE FOR AFFECTIVE EDUCATION 



Judy A. Malone 

The Ohio State University, College of Nursing, Columhius, Ohio 



Computers have invaded our homes, 
the workplace, and our institutions 
of higher learning. Like storm 
troopers, computers are foreigners. 
Speak an incomprehensible language, 
and are understood only by their 
creators and advocates. Many con- 
verts to this wave of technology 
have embraced th.s new computer 
culture. Others hopj, and have said 
so publicly, to letire before being 
forced to accommodate the com- 
puter into their lives. Thus, it i.s of 
greatest importance that we, as edu- 
cators and carriers of the computer 
culture, carefully attend to the 
affective domain of education. 

Affective education addresses the 
values and beliefs of the learner. We 



cannot afford to alienate our stu- 
dents oi ignore the computer casual- 
ties. This paper addresses the cul- 
ture shock that many students 
experience within the jducational 
setting and many clinical practi- 
tioners experience when coerced into 
using the computer as part of their 
work. Unfortunately, computer 
literacy courses have devoted iittle 
attention to the values of computer 
technology, the learning environ- 
ment, the attitudes of the students, 
and life experiences of the adult 
learner. Thus ^.he diagnosis — culture 
shock. 

Before launching into a discussion 
about this culture shock, it is neces- 
sary to talk about the stereotypes of 
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the opposing cultures. Ordinarily, I 
refrain from such references, as I 
like to consider the individuality of 
each learner, but stereotypes serve 
as illustrations of two extremes. The 
c(' nputer convert is enamo*" d with 
the technology and converses easily 
in the jargon of bits and bytes. 
Typically, the computer convert or 
computer whiz knows the inner 
workings of the computer intimate- 
ly. Many helping professionals, such 
as social workers, nurses, doctors, 
and physical therapists, tend to be 
more "people oriented." Thei. cul- 
ture is far removed from the circuits 
of computers. In fact, many charge 
that computers are responsible for 
mechanized teaching and care 
without the qualities of human re- 
spect for individualit* and, as a 
result, our society is doomed. These 
prophets of doom and the unin- 
doctrinated students are the ta^-gets 
of this discussion. 

Culture shock is the feeling of 
helplessness, fear, and anxiety when 
one is exposed to a different set of 
beliefs and values. Victims of culture 
shock are often disoriented as they 
attempt to adapt to the situa- 
tion. In the educational setting, fear 
and anxiety undermine the best 
teaching strategies. 

The culture gap can be seen in 
many ways, but for our purposes, 
only one illustration will be used. 
Consider the differences in language. 
Computer people use terms such as 
dump, crash, kill, delete, and down 
time. There is a certain finality con- 
veyed by these words. Helping pro- 
fessionals use words like assist, facil- 
itate, explore, intervene, and passed 
away. This list is much softer, 'nore 
tentative than the woroo cf the com- 
puter culture. Say these words out 
loud. Computerese is much n^-e 
guttural, forceful, and dominant 
The other list is more nurturing and 
caressing. I propose that the com- 
puter terminology is offensive and 
makes many people avoid com- 
puters. 



DEFINITION OF THE PHOBLEM 
The reality is that the information 
age and computer technology are 
upon us and will not go away. Wlien 
we teach computer literacy, we must 
be aware that (1) there may be a 
values conflict between the teacher 
and the learner, (2) the learner may 
feel coerced into learning about com- 
puters, and (3) the ordinary teaching 
techniques may not produce affec- 
tive, or emotional, changes. 

What we value is demonstrated in 
our behavior.^ The criteria for val- 
uing includes the following: choosing 
freely, choosing from alternatives, 
choosing after consideration of the 
consequences, prizing and cherish- 
ing, affirming in public, acting upon 
choices, and repetition. 

Think about the plight of staff 
nurses who have just been given the 
dubious honor of using a hospital 
information system. Do they have a 
choice? What were their alterna- 
tives? Do they cherish the opportun- 
ity, and what do they say in public 
about the new computer system? Is 
there any reason for cooperation and 
acceptance? Fo/ another example, 
think about the student who has to 
use the computer for statistical anal- 
ysis the first time. Is it by choice? 
What aie the option**? And if it is 
only for one assignment, are we 
engaging in an act of psychological 
abuse? 

These examples highlight the very 
essence of the problem. We, the 
advocates of the computer culture, 
have not contemplated our actions. 
We assumed they were correct and 
morally justfied. We have failed to 
consider the .effective domain of ed- 
ucation. 

STUDENTS ARE 
ADULT LEARNERS 

Students of science in inF*'tutions of 
higher education are adults. Another 
approach to the problem of affecti^'e 
education is within the principles 
of "andragogy," or adult learning. 
Adult learners are usually self- 



directed, ha\e ma. y practical expe- 
riences in the re^.. world, are ready 
to learn when the need is lecognized, 
are oriented to solving problems, 
and are intrinisically motivated.'^ 
The computer is a tool and comple- 
ments the activities of the student. 
Knowledge about c«)mputers and 
their workings is not an end-product 
of the educational process. Instead, 
it is a means. Computers are tools 
much as the stethoscope is a tool for 
the nurse or physician. The dif- 
ference is that the attitude or affec- 
tive behavior toward the type of 
tool is crucial. 

Teaching the use of computers, or 
using the computer to supplement 
course material, requires that we 
acknowledge that attitudes shape 
behavior. Conversely, to alter atti- 
tudes, one may change the behavioi. 
Festinger's theory of cognitive disso- 
nance states that pev ^^le are psycho- 
logically uncomfortable when behav- 
ior does not correspond to their 
attitude."* iiequiring a change in 
behavior through course require- 
ments and assignments forces stu- 
dents to perform a task they would 
normally avoid. To resolve the con- 
flict between the behavior and the 
attitude, the student will eventually 
alter the attitude The task then is 
to create the atmosphere of an amia- 
ble environment that makes the 
change in attitude acceptable and 
transferable to other settings. 

King* states that affective teach- 
ing is most effective using the strate- 
gies of group discussion, role play- 
ing, case studies, leaderless groups, 
and sensitivity training. But 
Knowles^ supplies a broader per- 
spective beyond teaching tech- 
niques. Knowles considers the pro- 
cess of learning as most important 
and the content of the subject to be 
secondary. To facilitate the process, 
seven factors must be considered. 
The Arst is the climate. The physi- 
cal environment dictates how people 
sit and how they relate to the teach- 
er. I-iCcture rooms are not conducive 
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to adult learning. But the psycho- 
logical climate is more important. 
There must be a climate of respect 
and collaboration. The student ar 
the teacher niubl be bupporlive of 
each other. The student and the 
teacher must be open and honest 
with each other and enjoy the pro- 
cess of learning. Above all there 
must be a quality of humanness 
about the entire climate. 

The second factor is w involve 
learners in mutual planning of the 
learning process. Students also par- 
ticipate in diagnosing their own 
needs, designing the learning objec- 
tives, and planning for meeting the 
objectives (factors 3, 4, and 5). The 
sixth factor is that the teacher facili- 
tates carrying out the plans for the 
learner. The teacher must be open 
to discussion of problems and availa- 
ble to the student. The seventh fac- 
tor t^ consider when teaching adults 
is to help the learner evaluate the 
learning experienct.. The evaluation 
does not stop with the determina- 
tion that the objectives were or were 
not met. 

PROVIDDVG A ROLE MODEL 

While it r rue that not all learners 
are willing to change their attitudes 
and behaviors overnight, there is 
much to be said for the power of a 
role model, desensitization, and nur- 
turing individuals as they progress. 
When dealing with the attitudes of 
others, it is difficult to isolate one's 
own feelings. Indeed, if you teach in 
the affective domain, your success 
will depend upon your own honesty 
and willingness for students to see 
such openess. I have jokingly dealt 
with computer fear,'^ but I was a 
former victim of the computer cul- 
ture and was dragged kicking and 
screaming to my first computer ter- 
minal. To this day I possess no 
infatuation with the circuits, K's, 
anH number of drives. But I do like 
what they can do. I was fortunate 
that I had a teacher who was pa- 
tient and kind, yet firm, ana my 



attitude became more positive. It is 
time, with the growing emphasis of 
computers in every field of educa- 
tion, that the affective components 
of the instructional process be de- 
liberately planned, implemented, 
and evaluated. We cannot afford t 
lose the human element of the tech 
nological revolution. The participa- 
tion of people and the "humanness" 
of the systems produced can come to 
fruition only if the users of the 
technology are captains of their own 
ships. It is time to be proactive and 
not reactive. 

I have attempted to alert educa- 
tors in the sciences that affective 
education is a component of the 
curriculum when teaching computer 
literacy or using the computer as a 
teaching aid. We need to actively 
teach the values and beliefs that we 
wish our students to learn, and we 
cannot leave that to chance. King's 
work on affective education in nurs- 
ing and the strategies outlined are 
practical. Malcolm Knowles* theo- 
retical constructs about the adult 
learner have been substantiated 
through research and serve to re- 



Since the 1960s, the use of com- 
puters as educational tools has been 
implemented by a limited number 
of post-secondary schools. Costs, 
limited availability of courseware, 
and faculty resistance were cited 
as reasons for the limited use 
of computer-assisted instruction 



mind us that most of the educators 
in the sciences are not educators by 
training. Rather we have specialized 
in a content area and are not, as a 
rule, weii-versed in learning thb ries. 
In relation to the teaching of com- 
puter literacy or in using the com- 
puter as a tool for classroom instruc- 
tion, we need to critically examine 
the type of learner and the environ- 
ment, and recognize that culture 
shock between the helping profes- 
sions and the computer age is a 
reality. 
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(CAI).«-»^^-^» With the advent of mi- 
crocomputers, the use of computers 
has grown in terms of numbers of 
users Lnd types of applications.^ 
With the renewed interest in the 
computer as an educational tool and 
the increased development and pur- 
chasing of courseware, it becomes 
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imperative for faculty to understand 
the process of evaluating CAI 
courseware. The proliferation of CAI 
coursevare has precipitated the 
analysis of evaluation criteria. Such 
an analysis has been presented in a 
previous paper.^ The purpose of this 
paper is to present an evaluation 
framework that can facilitate the 
decision-making process surrounding 
the purchase of CAI coursework. 
The framework includes several un- 
derlying principles and proposes a 
two-phase evaluation process. 

EVALUATION FRAMEWORK 

The proposed framework is based 
upon the results of a literature re- 
view,^ additional resources/ and the 
authors background as an educa- 
tional evaluator. The goal is to as- 
sist faculty in selecting and assessing 
CAI courseware. Several assump- 
tions underlie the framework. First, 
courseware evaluation must be con- 
sidered a constructive activity that 
involves the collection of data to 
facilitate decision-making about the 
selection of courseware and an as- 
sessment of its quality. 

Second, courseware evaluation 
must be considered vrlthin thf* con- 
text of the overall evaluation for the 
planning and implementation of CAI 
in a curriculum. Accordingly, course- 
ware evaluation occurs between the 
feasibility and effectiveness stages. 
The feasibility or preliminary stage 
begins with examination of several 
administrative, faculty, student, and 
curricular considerations.^*^ The sec- 
ond stage involves selection and as- 
sessment of both computer hard- 
ware and courseware. In terms of 
the courseware, there are two dis- 
tinct phases that occur at this stage: 
selection and assessment. The final 
stage involves measurement of CAI 
effectiveness and efficiency. Third, 
the evaluation of courseware as- 
sumes that the evaluator has not 
only an understanding of the subject 
matter but also the basic principles 
of computer-assisted instructional 



techniques. In addition, the evalua- 
tor must have an understanding of 
the power of the computer. ^ Under- 
standing conceptual design and in- 
structional strate^- }^ as well as 
technical aspects of CAI such as 
screen design^* are also considered 
requisite skills of an evaluator. Thus, 
given the assumptions about the 
various levels of knowledge needed 
for evaluation, it is advisable to 
have more than one evaluator for 
each assessment. An ideal evaluation 
team would be the following combi- 
nation: content specialist, instruc- 
tional design specialist, and students 
from the target audience. Since most 
schools may not have access to an 
instructional design specialist, it is 
advisable to seek a faculty member 
who has a working knowledge of 
both computer technology and CAI. 

SELECTION PHASE 

The framework proposes two phases 
of courseware evaluation. The first 
phase involves soliciting general de- 
scripti /e information about the 
product so one can decide whether 
or not to purchase the courseware. 
During this phase, the evaluator, 
most likely a faculty member, would 
solicit information about the par- 
ticular courseware from such sources 
as the company, brochures, adver- 
tisements, and product reviews in 
journals. Collecting these data does 
not require purchase of the course- 
ware. Information should be col- 
lected according to the following six 
categories: company, author, hard- 
ware and software requirements, les- 
son content, courseware structure, 
and documentation /support. Under 
company informat'on, one should 
know about the company's product 
line (Do they sell other CAI course- 
ware?), demographics (How long has 
the company been in business?), 
marketing (Do they have vertical or 
horizontal markets?), and admin- 
istrative issues such as pricing/costs, 
backup copies, and multiple c< iS. 
You will also want to collect i or- 

7i 



mation about the author(s) such as 
their educational background and 
their previous experience in both 
teaching and CAI. Hardware and 
software n quirements include such 
areas as computer brand/ version, 
main memory, mass storage devices, 
output devices, other peripherals, 
operating systeme, programming 
languages, utility programs, and 
program alterations. CAI type, in- 
structional prerequisites, subject 
area, objectives, and the target stu- 
dent population are all factois to be 
considered under the lesson content 
category. Courseware structure 
requires collecting information about 
student's role, time estimates, activ- 
ity flow/sequence, scoring, and re- 
porting functions. The last area, 
documentati on /support, includes 
field test re^'^'ts, supplemental 
materials required, ordering infor- 
mation, support policies, and 
descriptions of the types of manuals 
available for both students and fa- 
culty. Upon conclusion of this phase, 
a decision vo purchase a copy (or 
review copy) can be made. 

ASSESSMENT PHASE 

The second phase involves the as- 
sessment of the courseware's qual- 
ity. This phase requires the actual 
courseware (or a review copy, if 
possible) and appropriate documen- 
tation. Multiple evaluators should 
ask questions in the following do- 
mains to assess the quality of the 
courseware: instructional, student 
interactions, and technical. The do- 
mains represent a compilation of the 
various evaluation guides and allow 
input from multiple evaluators, in- 
cluding students. 

Instructional Domain 

The instructional domain covers the 
following areas: content, objectives, 
learning iramework, and profes- 
sionalism. The content specialist 
would be best suited to ascess this 
domain. When examining the con- 
sent of a CAI courseware, one should 
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ask questions related to the follow- 
- ;ng: 

• Accuracy (Is it free from factual 
errors, outdated information, or 
inaccurate graphs or displays?) 

• Educational value (Does the con- 
tent fit your intended purpose?) 

• Organization (Is the content con- 
sistent and does it fit within the 
curriculum?) 

• Completeness (Is the content com- 
plete and central to the subject 
area?) 

In terms of objectives, one should 
ask whether the educational objec- 
tives of the courseware are clearly 
stated for both the instructor and 
student, achieved by the courseware, 
and fit your intended objectives. 

The learning framework area 
covers items such as the following: 

• Learning assumptions (Are there 
any prerequisites?) 

• Learning theory (Is a particular 
theory i.sed in the design?) 

• Environment (Can it be used by an 
individual or a team? In what 
settings is it appropriate?) 

• Transition (Is there a smooth tran- 
sition between concepts and units?) 

• Internal consistency (Is there con- 
sistency in terms of level of dif- 
ficulty and presentation of con- 
tent?) 

• Computer capability (Does the 
courseware make use of the com- 
puter's capacity?) 

In terms of professionalism, one 
should make sure the courseware is 
free from typographic errors and 
stereotypes. 

Student Interactions 

The student interaction domain 
investigates the nature of the stu- 
dent's interaction with the CAI 
courseware. Both students and other 
members of the evaluation team can 
provide an accurate assessment of 



such categories as creativity, con- 
trol, feedback, motivational devices, 
and independence from technology. 
Creativity issues are related to the 
student's role (What is the amount 
of interaction of the student in the 
learning process?) and the unique- 
ness of the learning situation (Does 
the courseware present information 
not easily duplicated by other 
media?). 

Student control includes such 
areas as the following: 

• Sequence of presentation (Does the 
student have control?) 

• Level of difficulty (Does it make 
use of branching?) 

• Speed of presentation (Can the 
student control the pace?) 

• Number of items (Can the student 
control the number of items?). 

Feedback to the student involves 
analysis of feedback given for both 
correct and incorrect responses. In 
addition, one should investigate how 
often feedback is given as well as 
whether or not the dialogue is per- 
sonalized and if prompts are used 
effectively. 

Factois related to motivational 
devices include the following: 

• Graphics/color/sound (Are they 
used? How are these devices used?) 

• Timing (Are these devices used 
periodically?) 

• Scoring (When is scoring done — 
periodically or at the end?) 

• Personalizat'on (Does it approach 
the student in a personalized 
nanner?) 

• Independence from technology 
(Can the student operate course- 
ware without any programming 
knowledge?). 

Technical Design 

The last domain concentrates on the 
technical aspects of the courseware 
and includes criteria such as screen 
design, error trapping, ease of oper- 



ation, and speed of execution. All 
these criteria assume a working 
knowledge of computers and CAI 
and are therefore oriented toward 
an instructional design specialist 
This does not preclude the fact that 
other evaluators could provide input 
for this domain. 

Screen design includes such areas 
as the following: 

• Organization (Is screen neat and 
uncluttered?) 

• Spacing (Is there adequate spac- 
ing?) 

• Transition (Can the student move 
freely back and forth between 
screens?) 

• Amount of information (Is it too 
much or too little per screen?). 

Ease of operation criteria include 
the following: 

• Instructions (Ajre instructions clear 
and consistent?) 

• External documentation (Is this 
necessary for operation?) 

• Exit/movement (Is it easy to move 
or exit the courseware?) 

• Reliability (Is it reliable in normal 
use?) 

• Free of bugs (Is it free from pro- 
gramming bugs?) 

• Data entry (Can student easily 
enter data and edit data?). 

Error trapping relates to how the 
courseware handles and includes the 
following: 

• Error messages (Are messages un- 
derstandable?) 

• Stops/breaks (Are there any 
dead-ends?) 

• Escape (Is the escape key used?) 

• Unanticipated responses (Does it 
cause the courseware to stop?). 

The last area, speed of execution, 
concentrates on the amount of time 
for loading and screen to screen 
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movement as well as the use of 
distractors and cues. 

SUMMARY 

Upon completion of the criteria for 
the three domains, a summary of 
results should be compiled and 
reviewed by the evaluation team. 
The summary will provide sufficient 
data to decide whether or not to 
purchase copies of the coursev^are 
for use in the curriculum. A final 
word of caution, however, is that 
courseware will never satisfy all the 
various criteria proposed in this 
framework, but it is important to 
collect objective data to facilitate 
decision-making about the purchase 
of courseware. Therefore, one should 
not expect courseware to be perfect. 
Individual schools should use these 
criteria and determine standards for 
their own institutions. As course- 
ware begins to proliferate at a fast 
pace, it is important for individual 
schools to establish policies that use 
objective data to facilitate the pur- 
chase of appropriate and quality 
courseware. 
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dissection of cadaveric specimens. 
These specimens, however, have only 
a fleeting usefulness since once the 
specimen has been dissected, the 
precise anatomical relationships 



among the elements is lost and can- 
not be accurately reconstructed. In 
addition, the relative scarcity of 
specimens does not afford individual 
students their own specimen to dis- 
sect completely. This lack of con- 
tinuity combined with the task of 
breaking down a complex entity into 
its basic elements understandably 
contributes to student confusion. In 
other disciplines one learns first by 
grasping a few basic concepts and 
gradually adding to this foundation 
to arrive eventually at the complex 
entirety. Color computer graphics 
provides a vehicle by which this 
building block approach can be ap- 
plied for the first time to the teach- 
ing of anatomy. 

With computer graphics, shaded- 
surface, lifelike representations of 
anatomical structures can be dis- 
played. The student is able to view 
these displays at numerous orienta- 
tions in various sequences, and with 
different elements in combination 
and thus learn anatomy in a manner 
that is conceptually logical. Dissec- 
tion and reconstruction of a limb 
can be performed repeatedly without 
loss of detail of precise relationslJp*'. 
The student may study at times and 
locations independent of access to a 
cadaver laboratory. 

With an educational computer 
graphic display of human hand and 
forearm anatomy as our ultimate 
gi '.l, and Livingston's classic film 
"The Human Brain"^ as our in- 
spiration, we embarked on the am- 
bitious task of developing a con- 
tour data base representing all 
identifiable structures in a human 
hand and forearm. Several tech- 
niques were explored initially to de- 
termine which would satisfy our re- 
quirements for multiple high-resolu- 
tion images. Artistic drawings on a 
computer easel would easily meet 
the demands of sufficient resolution, 
but they are susceptible to artistic 
impression of the illustrator and 
would, at best, result in only a rela- 
tive few static iniagas because of the 
costs involved. Computer axial to- 



COMPUTER RECONSTRUCTION 
OF A HUMAN ARM FROM 
SERIAL SECTIONS 

J. Michael Kabo and Roy A. Meals 

Division of Orthopaedics, UCLA So' ol of Medicine, lyos Angeles, California 



81 



ERIC 



© \m BY ELSEVIKH SCIENCE PUBLISHING CO . INC. ()742.32:U/8r)/$() (K) ♦ 2 20 



COMPUTEKS IN UKKSCIKNCB KOUCATION. VOl.UMK 2. NUMHKK 2, KKHKUAKY liwr, 



15 



mography (CAT) scans and nuclear 
magnetic »*esonance (NMR) imaging 
are plagued with the lack of resolu- 
tion (512 X 512) and the inability to 
clearly distinguish boundaries be- 
tween adjacent muscles, nerves, 
arteries, and other small structures. 
Each of these noninvasive tech- 
niques would have led to less than 
optimal data acquisition. The re- 
maining alternative that we chose to 
utilize was to obtain photographs of 
the specimen in cross section and 
manually digitize the individual con- 
tours. 

SPECIMEN PREPARATION 

A fresh limb specimen was obtained 
and carefully positioned in a bed of 
sand to minimize pressure artifacts. 
The limb was x-rayed to verify skel- 
etal anatomy and was subsequently 
frozen in a block of ice. The entire 
block was then sectioned on a band 
saw that was specially adapted to 
make parallel, transverse cuts at 
precise 3-nun intervals. The frozen 
surface of the limb was photograph- 
ed in the block to fix its orientation 
in an X-Y cooidinate plane. The 
sections, which measured 2-mm thick 
(1-mm kerf loss), were then laid on a 
sheet of black Lucite cut to the same 
dimensions as the ice block for di- 
mensional reference. The individual 
specimen sections were allowed to 
thaw, excess fluid was removed, and 
each section was uniformly photo- 
graphed on a copy stand under 
polarized light. The photographs 
provided intricate detail and color 
separation of the individual 
anatomical structures. During the 
sectioning and photographing se- 
quence, ihp specimens on the Lucite 
backing were tilted at a 5° angle to 
facilitate drainage of the thawed ice. 
Although drainage was adequate, 
some translation and rotation of the 
specimens was evident at the time. 
Af^-'-^ional translation was intro- 
duced by the film processing laboia- 
tory, which could not identify the 
individual frame boundaries in view 
of the black background. The final 



problem that was identified with 
this technique was that the focal 
planes of the two camera systems 
were not identical, resulting in a 
magnification of 1.11 of the thawed 
specimens with respect to their 
frozen counterparts. 

Recognizing these immediate 
problems, an attempt was made to 
use digital image processing tech- 
niques to realign the two sets of 
frames. Using a DANZA image 
processing system with a resolution 
of 512 X 5i2 X 8 bit intensities, the 
slide of the frozen specimen was 
digitally photographed with three 
exposures using a black-and-white 
Eyecom camera with the appropri- 
ate re i, green, and blue filters. The 
orientation and magnification of the 
thawed specimen were then adjusted 
to match that of the stored frozen 
image and then photographed. This 
technique, however, was abandoned 
as well since the resolution was 
deemed inadequate. Automatic con- 
tour-finding algorithms could not 
uniformly identify selected struc- 
tures without extensive ii terven- 
tion, and for those frames with mul- 
tiple elements per section (ie, sec- 
tions through the fingers) where each 
element may have had a different 
amount of translation and/or rota- 
tion, multiple manipulations would 
have been required. The single ben- 
efit obtained from this method was 
that the true colors of each of the 
individual elements could be en- 
coded as separate red, green, and 
blue digital intensities directly. 

HARDWARE USED 
The hardware utilized for the man- 
ual digitization consisted of a 
Tektronix 4956 digitizing board con- 
trolled by a Tektronix 4051 micro- 
computer. The resoiation of this 
device is 0.005 inch in both coordi- 
nate directions with an active dig 
itizing area of 48 X 36 inches. The 
slide of the frozen section was first 
projected as large as feasible on the 
platen, and reference points of the 
fixed coordinate frame and the 



frozen outline of the skin were dig- 
itized. The slide of the thawed speci- 
men was then projected, and selected 
objects were identified, digitized in- 
dividual^ in counterclockwise fash- 
ion, ani* stored on cartridge tape. 
The data was eventually transferred 
to a DEC 11/44 minicomputer with 
a GENISCO color graphics system 
for further processing. Correction for 
translation errors was accomplished 
by first computing the centroid of 
the frozen skin contour with respect 
to the reference frame. The centroid 
of the thawed skin contour was then 
computed, and the difference of the 
two offsets was applied to the data 
representing each of the contours in 
the section to determine the new 
coordinates. In an attempt to cor- 
rect for rotation anomalies, an areal 
moment of inertia ^^as computed 
about the horizontal axis passing 
through the centroid for each of the 
frozen and thawed skin contours. 
The thawed skin contour was then 
rrtated through a small an^le about 
the centroid, and the moment of 
inertia was recalculated. This new 
value was compared to the previous, 
and the procedure continued in iter- 
ative fashion until the difference 
was minimized. Unfortunately, this 
technique proved inadequate since, 
as many of the skin contours were 
nearly circular in shape, the moment 
of inertia as a function of angular 
rotation was not unique. As a final 
attempt to salvage this first set of 
data, the rotation offset was de- 
termined by simultaneously viewing 
a combination of frozen and thawed 
skin contours that were adjacent to 
each other. 

TECHNIQUE REFINEMENTS 

Preliminary displays of this data 
consisted of wire frame contours 
without any attempt at hidden 
removal. The digitized elements in- 
cluded the bones, skin, median nerve, 
and the flexor carpi ulnaris and pro- 
nator quadratus muscles. Viewing 
orientation was specified as a func- 
tion of three Euler angles with the 
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Specified frames centered ''t mid- 
screen in the size selected 1 ne con- 
tours were displayed on a GENISCO 
GCT 3000 color graphics system with 
a visible resolution of 512 X 480 
pixels and 8 memory olanes. Al- 
though each of the individual con- 
tours was of the appropriate high 
resolution, the simultaneous display 
of the structure in its entirety clearly 
reflected the lack of adequate trans- 
lation and rotatioii transformations. 
Rather than continue with the pro- 
cedure outlined above for the re- 
mainder of the elements, 24 X 36- 
inch posters were made of each of 
the slides, and the indiviaual con- 
tours were outlined in pen prior to 
digitizing. This format allowed 
transfer of the reference marks di- 
rectly to this hard copy medium and 
has proved satisfactory eliminat- 
ing the need for subsequent trans- 
fo/mation of the data. The data 
base has subsequently been com- 
pleted by redigitizing all of the 
specified contours directly from the 
posters for the 160 individual sec- 
tions. The information thus ob- 
tained is represented by over 7000 
contours, each with as many as 400 
coordinate points per outline. Al- 



gorithms o effect s!. ^ded surface 
display .le data wii . -me level of 
transpi y v.^ere developed along 
with the ledigitization process. The 
method enoloyed was similar to 
that used uy Cook et al,^ which 
incorporated a disk resident Z-buffer 
for the determination of the depth 
of the display and the hidden 
surfaces. Although extremely slow, 
several frames were generated, 
which, for the first t^me, revealed 
the quality of the data base hat we 
were so desperately striving for.^ 

Because the current capacity of 
the present hardware has been satu- 
rated, the data is currently being 
transferred to an IBM 4341 with 
5058 display stations in the hopes of 
generating images at a much faster 
pace. These workstationi> are capa- 
ble of real-tinrie manipulation of the 
shaded surface images, which would 
expedite the process of creating the 
thousands of frames necessary for 
storage on a video disk as an anat- 
omy teaching tool. 

In summary, the first step leading 
to easy access of pictures of anatom- 
ical specimens and physiolofucal and 
anatomical information is well un- 
derv/ay. The initial growing pains 



have been mastered, and prepara- 
tions are in progress to achieve true 
lifelike representations using solid 
modeling techniques. Within a short 
lime, we hope to have a sufficient 
number of frames for storage on a 
random access video disk and to 
develop the microcomputei software 
for coi^trolling access to the display 
and disk resident physiological in- 
formation. The initial goal of pro- 
viding an anatomy teaching tool 
that will assist in a riore logical 
comprehension of the subject au- 
pears finally attainable. 
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Computer Assisted Instruction 
(CAI) is a method o: instruction by 
which the computer teaches or rein- 
forces teaching. 

Good educational CAI courseware 
for remediation requires a major 
production effort of a team of pro- 
fessionals. This team might include 
programmers, graphic designers, 
technical writers, teachers, and 
learning specialists. With budget 
cuts threatening innovative pro- 
grams in education, however, the 
dedi lied instructor has to find a 
more pragmatic, cost-effective way 



of Jevelo;jing courseware. This 
pragmatism usually re&ults in the 
instructor acting as sole program- 
mer, graphic designer, technical 
writer, and learning specialist. It is 
for this u.jque voyager that this 
article will attempt to chart a path 
through the maze of courseware de- 
velopment. 

Although the production of any 
courseware may be extensive, the 
programs should be as simple as 
possible so chat remedial students 
do not lose sight of the concepts to 
be learned. For once — with the com- 
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puter — we may be able to address 
the needs of the D and F students 
instead of lec. iring only to the 
m:, thical C students. Better still, we 
can deal more effectively with those 
who have received inadequate 
academic preparation and who have 
learning disabilities.^ 

The result of a recent NSF Pro- 
ject (1982) for remedial science stu- 
dents at Passaic County Conununity 
College showed CAI to have a sig- 
nificant impact on the progress of 
academically weak students. With a 
regimen of 1 hour/day of remedial 
CAI, students gained an average of T 
years of science knowledge within 6 
months."* 

A curriculum is usually defined as 
a study plan that primarily con- 
centrates on a particular subject. 
Specifically, curricula generally 
cover courses mch as chemistry, bi- 
ology, or other subject areas. 

Developing CAI is an art, not a 
science. There are no rules or regu- 
lations that will work for all situa- 
tions, courses, or students. However, 
there are some principles that are 
common to all CAI courseware if it 
is to be an effective tool in remedial 
classes. Computer assisted instruc- 
tion should be explicit, consistent, 
interesting, informative, flexible, and 
interactive. Although memorizing 
facts i^" important if students are to 
kjiow the body of information that 
surrounds each topic, it is also im- 
portant that students be able to 
apply principles, be creative, 
organize material, and evaluate data. 



HELLO, WHAT IS YOUR NAME? CHRIS 

CHRIS, TODAY WE ARE GOING TO EXPLORE B^ZYMES. 

(PRESS THE CENTER] KEY AFTER YOU TYPE YOUR NAME) 



FIGURE 1- 



One way of presenting curricula is 
by a discrete group of lessons called 
a module. Each lesson in the mo 'ule 
presents instructioi.c*! material .at 
concentrates on a different area or 
aspect of the module topic (Dia- 
gram 1). 

A remedial course that succes>s- 
fuDy uses computer assisted instruc- 
tion consists of complete learning 
packages (modules) that include 
topics (lessons) on a!! areas of the 
curriculum (Diagram 2), 

Homogeneity is seldom achieved 
even when a class has b^en classj^ed 
as being remedial. Ther still exiSts 
a wide range of abilities and differ- 
ences. Therefore, the curriculum 
should be designed to allow for 
differing degrees of knowledge, in- 
terest, and abiL y. 



MODULE DESIGN 

Ideally, moduies should include ob- 
jectiveSv instructions, the material to 
be lean.ed, an examination, and sug- 
gested related study materials. Re- 
medial students, more than others, 
need structure and continuity. The 
more concrete the lessons are made, 
the easier it will be for remedial 



students to see the purpose and 
expected outcomes oi the lessons 
(Figure 1), 

Objectives help academically weak 
students to better understand the 
purpose of th3 lesson and the infor- 
mation they are expected to know 
once the tasks have ' *en completed. 
The lesson might conunue with the 
objectives (Figure 2), followed by 
text, graphs, or simulations. 

Lessons should be sequential, re- 
ducing the ability to jump ahead, 
thereby guaranteeing that all 
material is covered. However, a 
mechanism should be built into the 
program to permit students to page 
backward through a lesson to review 
material. 

Many independent companies and 
some computer manufacturers have 
Authoring Systems designed for 
non-programmers; the more famous 
of these systems include PLATO, 
CAIWAKE, and COURSEWARE, 
As an adjunct to these systems, 
many companies have designed Tu- 
torial Lesson Models that are fully 
prompted and menu driven. They 
allow for computer-based lessons 
with text, detailed graphics, and 
answer-judging,'^ 



Diagram L 
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OBJECTIVES 



ENZYMES 



THIS LESSON DEFINES ENZYMES, EXAMINES THEIR CmRACTERISTICS, 
AND EMPHASIZES THE NUMEROUS BIOLOGICAL PROCESSES IN THE HUhV^ 
BODY THAT DEPEND ON ENZYhV^TIC ACTION, REACTIOT* fHO INTERACTION. 



FIGURE 2. Objectives help students gain an understanding of the expected outconne 
of the lesson. 



For example, the top one to four 
lines of the screen might be reserved 
for instruction, while the bottom 
one to four may be used for docu- 
mentation of function keys. The 
middle of the screen might oe re- 
served for the presentation of the 
lesson (text, drills, or graphics) and 
for '^tudeiit-computer interaction 
(Figures 3 and 4). 



Simulations 

In education, simulations are used 
to allow students to vicariously in- 
teract with a scientific phenomena 
by being electronically placed in a 
pedagogical situation. These situa- 
tions require students to ^ velop a 
methodology to solve the proposed 
problem.^ 

Although there are admitted ad- 
vantages to sin" ilations, instructors 
must be careful that the disad- 
vantages do not outweigh the ad- 
vantages. Many ranedial students 
operate on an intellectual level that 
developmental psychologists call 
"concrete operational/* Simulations, 
compared to real situations, require 
students to concentrate on an ab- 
stract intellectual (formal oper 
ational) level. Therefore, simulations 
for remedial students are most suc- 
cessful when they are closed simula- 
tions (guided discoveries); that is, 
they should be concrete and require 
limited convergent thinking. 

Drill and Practice 

Randomly generated drills minimize 
students* ability to memorize the 
order of the questions. Programs 
should recycle missed items into a 
nool of items to be learned. Most 
sophisticated programs can establish 
the number of times to wa» > jefore 
each missed item is repeated. All 
drills should have a completion 
criteria by which students arc graded 
to insure mastery of the material. A 
good program keeps records of stu- 
dent performance for diagnostic use 
by the instructor and the student. 



Tutorials 

Programs should not have numerous 
lines or frames of text with little or 
no interaction with the students. 
Because of the reading problem as- 
sociated with academically weak 
students, remedial students should 
be able to turn pages electronically 
backwards and forwards whan going 
through a lesson. Frequent student 
interaction — and appropriate graph- 
ics — reduces boredom and increases 
the attention span. 

Screen Format 

The overall design of screen display 
is critical to remedial students. Con- 
creteness and continuity are im- 
portant to the understanding of 
difficult scientific concepts. Screen 
displays should be consistently pre- 
sented so that students develop a 
legitimate set of expectations and 
procedures for lesson performance. 



STRATEGIES 

The best CAI strategies for remedial 
students involve lessons that utilize 
a combination of strategies such as 
drill and practice, dialogue, text, 
simulation, discovery learning, test- 
ing, and/or problem solving. 
While the presentation of some con- 
cepts are more conducive to one 
particular strategy, elements of each 
can be embedded in and around 
most lessons. With some of the more 
sophisticated cOiT^pater-manage- 
ment packages, such as those inher- 
ent in PLATO or in the Digital 
Courseware Authoring System, 
many strategies can be constructed 
and controlled to facilitate learning. 

The basic structure of each mod- 
ule should consist of some basic 
— but comprehensive — questions, 
including some supplementary ques- 
tions of related topics. A few care- 
fully thought-out questions ap- 



FIGURE 3, Kxar pie of text screen. Dircjctions appear on the fir.st line. Presentation 
of lesson material appears in the middle of the screen. The last line is used for 
documentation of function keys. 



DIRECTIONS: READ THE INFORMATION BELOU AT YOUR OUN SPEED. 

A CATALYST IS A SUBST^CE THAT REDUCES THE ^OUNT OF ENERGY 
TO START A REACTION AND TmT KEEPS THE REACTION AT A SPECIFIC 
RATE. IT COMBINES WITH THE REACTING SUBST^CES (SUBSTRATES) 
BUT IS FREED AND tJNCWWGED AT THE END OF THE REACTION, SO IT 
CAN BE USED AGAIN. ENZYMES ARE PROTEINS TmT ACT AS CATALYSTS 
FOR REACTIONS OCCURRING IN LIVING ORG^ISMS. 

<PAGE 2. PRESS tCl TO CONTINUE OR PRESS CB] TO GO BACK) 
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THE EFFECT T 



RATE OF 



ERATURE ON ENZYME ACTI«^ITY 



ENZYME 



ACTION 




TEMPERATURE 
<PAGE 5, PRESS CC3 TO CONTINUE) 



FIGURE 4. Example of a graphics screen. " me picture is worth a thousand words" 
is not a mere cliche. With weaknesses in cognitive development and reading abilit>, 
remedial students can benefit immensely from computer graphics. 



propriately placed in the develop- 
ment of a lesson may do more to 
encourage thinking than a continual 
bombardment of questions.^ 

Sample Question 
The **lock and key hypothesis** at- 
3mpts to explain the mechanism of 
enzyme: 

1) formation, 

2) specificity, 

3) — . 

4) Decomposition, 

5) concentration. 

Supplementary questions, for ex- 
ample, might deal with the effect of 
a fever on the rate and ability of 
enzymes to digest food. Should the 
stuHent answer the basic questions 
incorrectly, a series of two or three 
remedial questions — designed to re- 
inforce the topic — &:.Duld be |>re- 
sented. 

Another possible approach to in- 
correct responses to basic questions 
would be to present tutorial text or 
graphics to reinforce the idea. Stu- 
dents could be given helpful hints 
v'len they respond with incorrect 
answers. The hints cculd be in the 



form of data, graphs, diagrams, or 
examples. 

Although there is some positive 
reinforcement to supplying the cor- 
r^t answers to incorrect student 
responses, every attempt should be 
made to have students discover the 
right answer (Figure 5). Such an 
approach facilitates long-term learn- 
ing. 

If the purpose of most questions is 
to motivate students to think, the 
program should pace questions and 
answers. Computers should be pro- 
grammed with 3-10 second delays 
— even for multiple choice questions 
—so that students are forced to 



think before seeing the responses. 
The length of the pause should be 
based on whether students are ex- 
pected to analyze, synthesize, or re- 
call facts in their response. 



THE EXAMINATION LOOP 
Here is a truism: The more students 
are involved, the more they will 
lea^ a the longer they will re- 
member. 

Once the lesson has been pre- 
sented the student should be tested 
on the concepts. 

The testing loop, whai initiated, 
should first ask the following ques- 
tion: DO YOU WANT INSTRUC- 
TION? Y / N. 

Completion Questions 

These kinds of questions 'isually 
require complete studait involve- 
ment ''ithout hints or choices. Com- 
pletion questions usufilly measure 
factual recall without the necessity 
for interpreting, analyzing, or 
evaluating. For the remedial biology 
student, this type of question can be 
used most effectively in testing 
vocabulary, formulas, definitions, 
-•and simple relationships. 



True-False 

There is a wide criticism (contro- 
versy) on the use of true- false ques- 
tions. Educational specialists say 
that this is because many true-false 
questions are poorly constructed. 



I'M SORRY CHRIS, YOUR ^SWER IS NOT CORRECT, 

ENZYMES ARE SPECIFIC. HERE THE WORD •SPECIFIC^ ME^S THAT AN 
ENZYME USUALLY ENTER? INTO ONLY ONE KIND OF REACTION, AS A 
RESULT, THOUSAi^DS OF DIFFERENT ENZYMES ARE NEEDED FOR tACH 
OF THE MANY REACTIONS IN THE BODY, 

(PAGE 8, PRESS tC3 TO CONTINUE) 



FIGURE 5. 
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Some argue that these questions 
encourage guessing, as well as jiving 
the student a 50% chance of answer- 
ing the questions correctly. 

Although there are no agreed-upon 
rules for constructing true-false 
questions, the following guidelines 
seem to be most appropriate when 
dealing with academically weak stu- 
dents: 

1) Have only one idea in a question. 

2) Use simple, clear and direct ques- 
tions. 

3) Do not use questions that have 
exceptions. 

4) Do not pick out isolated facts 
from text for students to recall. 

5) Never state questions negatively. 

The single, most important char- 
acteristic of a true-false question is 
that it is completely true or com- 
pletely false (Figures 6 and 7). Re- 
medial students do not need to spend 
unnecessary time attempting to de- 
termine the relative truth (or fals- 
ity) of the question. Students will 
often take an ambiguous question 
and try to infer (usually incorrectly) 



TRUE OR FALSE 

IF THE PANCREAS, SALIVARY AND IhfTESTir^L GLANDS ARE D^#1AGED, YOU 
MIGHT EXPECT URINE TO CCKTAIN LITTLE OR NO GLUCOSE? T/F 

TYPE CT3 OR CF3 AND PRESS THE CENTER3 KEY TO GO TO THE NDa 
QUESTION. 



FIGURE 8. Example of a true false question designed to test the .student s 
convergent thinking ability. 



the instructor's purpose for asking 
the question. 

When properly written, true-false 
questions can force students to make 
inferences from data or observa- 
tions. Consequently, the true-false 
question — when properly written— 
can be used to test the students* 
convergent thinking ability (Fig- 
ure 8). 

Points Indicators 

Remedial students need positive re- 
inforcement from every component 
of a lesson. To have a program 
calculate a score is not enoug^i. Stu- 



TRUE OR- FALSE 



CATALYSTS SEEM TO UORK BY LOWERING THE ACflVATIO^J ENERGY-^ T/F 



TYPE IT] OR CF3 AND PRESS THE CENTER] KEY TO GO TO THE NEXT 
QUESTION. 



FIGURE 6. 



TRUF OR FALSE 



ENZYMES ARE PROTEINS TmT SERVE AS CAfALYSTS FOR METABOLIC 



PROCF'^SES IN LIVING CELLS? T/F 



TYPt ) OR CF) WD PRESS THE CENfRR] KEY TO 60 TO THE NEXT 
QUESTION. 



FIGURE 7. 



dents also need to know how their 
scores measure against the instruc- 
tor's criteria. For example: 

100 Come on, now. No one 

is perfect. 
95-99 Hold a conference, so 

that others can learn 

from you. 
90-94 Fine! You have learned 

a lot. 

and so on. 



SUMMARY 

The best CAI development must 
conclude with two important steps 
that are too often ignored: field 
testing and modification. With ail of 
the problems associated with re- 
mediation, good CAI material for 
students weak in biology should go 
through several rounds of testing 
and modification. These rounds 
should serve to sharpen the focus 
and correct any unanticipated prob- 
lems.^ 

One highly acknowledged method 
for enabling remedial students to 
learn basic biology facts is the use of 
overleaming. Drill and practice pro- 
grams lend themselves to this type 
of learning by repeatedly presenting 
the material. Many learning theo- 
rists would not call this rote method 
a type of learning but mere memori- 
zation; I am inclined to agree with 
them. However, there is a basic body 
of factual information that must be 
c.^quired before i stndent can use 
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the higher cognitive processes of 
learning, such as synthesis, analysis, 
and evaluation. These kinds of con- 
vergent thinking processes can be 
facilitated by the appropriate kind 
of learning experiences. 

Simulat' >n3 are the best tOv^l to 
use to allow remedial students to 
practice or demonstrate high-level 
cognitive skills. Teachers can use 
simulations to help assess the level 
of competence of remedial students 
as well as to encourage discovery 
learning. 

Although drills, tutorials, and 
simulations all have merit, no ap- 
proach represents a panacea for as- 
sisting remedial students. The great- 
est challenge lies with developing 
courseware that is educationally rel- 
evant and tailored to the specific 



The following citations are pre- 
sented as part of a quarterly feature 
in CLSE designed to help readers 
become awnxe of current literature 
pertinent to computer applications 
in life science education. 

Ahdulla AM et al: Usefulness of computer- 
asr^isted instruction for medical education- 
Am J Cardiol 54:905-907. 198^. 

Baker PG: MUMKI)ALA~an approach to 
multi-media authoring. Br J Educ Tech 
15:4-13, 1984. 

Bfanchaer MC: Clinical simulations on a 
microcomputer. Comput Kduc 8:397-399, 
1984. 

Blanchaer MC et al: Clinical simulations on a 
microcomputer, in, Wood K*J, (cd) Micro- 
computers in bio<'ii»inical education. 
Ix>ndon: Taylor and Francis, 1984. 

Hreazeale V et al: Selected bibliography on 
computers in education. J Nutr Kduc 
16(2):76C, 1984. 

Carew LB et al: A college- level, computer- 
assisted course in nutrition. J Nutr Kdur 
l6<2):46-.'>0, 1984. 

Cicciarella CK. Getting into the computer 
game: guidelines and pitfalls. J Physical 



needs of a small group of special 
students. 

REFERENCES 

1. BlosserF: Handbook of effective 
questioning techniques. Worthington 
OH: Education Associates, 1973. 

2. Doerr C: Microcomputers and the 3 
"^'s. A guide for teachers iayden 
^ook Company, 1979. 

3. Hebenstreit J: Micro-computers in 
secondary education. E.D. Tagg (ed). 
New York: North-Holknd Publish- 
ing Company, IFIP: 5, 1980. 

4. Washington D: National Science 
Foundation Grant; MISIF/Special 
Project/Basic Science Skills Im- 
provement Through Computer- 
Assisted Instruction. SER-8020031, 
1980-82. 

5. Weinstock H: So you Ve a microcom- 
puter! Technol Horizons Educ, 
Nov: 109- 110, 1984. 



Educ, Recreation Dance 55:46-47. 1934, 

Coggan PG et al: Educational applications of 
computers in medical education. J Fam 
Pract 19:66-71, 1984. 

Conen VB: Interactive features in the design 
of videodisc materials. Educ Tech 
24(l):l6-20, 1984. 

Cook UA: Two computer learning experiences 
for non-nutrition majors J Nutr Educ 
l6(2):66, 1984. 

Crovello TJ: (Computer center: computer 
world turns upside down again. Am Biol 
'I each 46:236-238, 1984. 

David'-on WI) et al: Teaching dialysis kinet- 
ics with a minicomputer. Am J Nephrol 
4:l9-26» 1984. 

Davison FC: Computing at the University of 
Georgia: critical success factors. EDUCOM 
19:5-10, 1984. 

Dreyfus IlLet al: Putting computerr» in their 
proper place: analy.sis versus incuit.on in 
the classroom. Teachers College flecord 
8r):.578-6()l, 1984. 

Evans S: Implementation cf a computer- 
based test generator to evaluate health 
prof€issioas continuing education Med 
.Sy.st 8:121-126, 1984. 

Farrell P: Computer literacy: what v1oi« it 
mean? J Phy.sical Ed Recreation Dance 
ryryM-ryfy, 1984. 



Fetter \VU. 3uideli»ies for evaluation of com- 
puter software (with an evaluation form). 
Educ Tech 24(3):l9-2l, 1984. 

Ford JD: Four educational concerns in using 
microcomputers. Teacher F^ducator 
l9(3):l6-20, 1983-1984. 

Gale lU et al: Data acquisition for under- 
graduate experiments using the (KF2E-488 
bus. .] Comp Math Scl Teach 3(2):27-29. 
1983-1984. 

Gill HA: Microcomputer simulation of en- 
zyme kinetic behaviour. Sch Sci Rev 
65:670-678, 1984. 

Orabowski H et al: Computers for interactive 
learning. Instructional Innovator 29:27-.M), 
1984. 

Hall-Sheey J: Promises, promises: what to 
bdieve about authoring systems. Data 
Training 3:17, 45, 1984. 

Harper D et al: Computer-assisted instruc- 
tion and diagnosis of radiogr^iphic findings. 
J Med Sy.st 8:115-120, liy84. 

Hathaway MD: Variables of computer screen 
display and how they aflfect learning. Ekluc 
Tech 24(1):7-11, 1984. 

Hoi ley HS el al: Microcomputers for com- 
puter-assisted instruction in anesthesiol- 
ogy. .J Med Educ 59:521-522, 1984. 

Hunter TB: Experience with computer in- 
.struction for radiology trainees. Amer J 
Roentgenol 143:921-922, 1S84. 

Jacoby CG et al: An evaluation of computer - 
assisted instruction in radiology. Amer J 
Roentgenol 143:675-677, 1984. 

Jim LK et al: A computer-assisted instruc- 
tional approach to teaching applied ther- 
apeutics. Am J Pharm Educ 48:20-25, 
1984. 

Jonassen DH: The generic disc: realizing the 
potential of adaptive, interactive video- 
discs. Educ Tech 24(l):21-24, 1984. 

Kemske F": Guide to authoring systems. In: 
Data training 1984. Computer -ba^^ed train- 
ing guide. Boston, MA: Warren- 
Weingarten Inc. 1984, pp. 1-21. 

Kane NR et al: Teaching Pi-ogrammes and 
computer assisted learning. Comp Educ 
47:18-19, 1984. 

Lloyd WC et al: liapid preparation of lecture 
slides u.sing the computer. Ophthalmic Surg 
15:678-679, 1984. 

McKay AB et al: The provi.sion of manage- 
ment OA I through commercially available 
pharmacy computer .sy.stemf. Am J Pharm 
F:duc 48:11-19, l984. 

Mclx;llan AR et al: An interactive computer 
program modelhng the colony dynamics of 
a social insect, the honeybee. J Biol E<luc 
17:311 '.314, 1983. 

McMuilen BK et al: The top .six compatibles: 
^'laser look at the niachines that ire mo.st 
compatible with the IBM PC- Popular 
Computing 3(6):1.32-134, 1.36, 1984. 

ivIcMurray ? et al: The educational of 
computers* hardware, software, and 
.st.-atrgies, J Nutr Educ i6(2):39-43. 1984. 



KEEPING ABREAST OF THE 
LITERATURE 



^ 1985 BY EI^KVIKHSC?ENCK PUBLISHING CO.. INC. 



89 



0742..32.33/H5/$O.W) - ^20 



COMPUTKitS IN LIFK SCIKNCX KDUCATION. VOLUMK 2. NIJMHKK ). MAIU'H 1<)8.> 



23 



Merrill I) et al: Computer guided instruc- 
tional design. J Computer- Based Instr 
ll:()()-6.3. 1984. 

Miller MJ et al: New trends in compatibilitv. 
Popular Computing ;J(6):1 12-1 13, 1 15- 1 18, 
H>84. 

Murphy P.J: An exerci.se in biometrical gen< t- 
ics hastxl on a computer simulation. J Biol 
Kduc l7:;M;J-348, 1983. 

Pao YC, et al: Computer-graphics aided in- 
,st ruction of three-dimensional dental anat- 
omy. J Dent Educ 48:3l5-:n7, 1984. 

Peterson NS et al: Simulated laborator> for 
teaching cardiac mechanit^: !*hy,siologist 
27:165-169, 1984. 

Ploch M: Micros flood campuses. High Tt.'^h- 
nology 4(.3):47- 49. 1984. 

Polack AF et at: Computer education for 
clinical pharmacy students— a program for 
us*? in teaching. J Clin Hosp Pharm 
9:345-349, \ .. 

Powell Vj: Monitors. Popular Computing 
;K4):l2'>-ia5, 1984. 

Pressman I et al: CAI system costs: present 
and future. Techpol Horizons Kduc 
ll(6):94-98, 1984. 

Pressman I et al: CAL: its cost and its role. -] 
Kduc Technol Sy,st l2:ia3-208. 198.3-1984. 



Kainiondi SL. Klectronic communication net- 
A'orkfi. Kduc Tech 24(2).39-41, 15W4. 

HirJiard.son WK: IBM PILOT authoring lan- 
guage and the CAI ronrw... Sci Software Q 
1(3):7-15, 1984. 

Hu's CP et al: Authoring a CAI lesson m 
nutrition education. J Nutr Kduc 
16(2):51-52, 1984. 

Rosenthal I): Software list. Computers in 
Chemical Education Newsletter 
(j/7(4/l):17 -27. 1984. 

Sali.sbury DF: How to decide when and 
w here to use microcomputers for in.struc- 
cion. Kduc Tech 24(3):22-24, 1984. 

Salisbury 1)8: Strategies for designing drill 
and practice programs for computers. Pro- 
ce<lings of the ,th AlX:iS Conference 
1984. pp 201-207. 

l^chrock JR: Computers in science education: 
can they go far enough? Ha»'e we gone too 
far? Am Biol Teach 46:2.5z-256, I984. 

Sh.ihein HI: Computers in health -sciences 
education. An application to electro- 
cardiography. Com out Program Biomed 
17:213-22.3, 19^3. 

Spokony Snuth et a!: Getting, the hest 
software support. Electronic {Education 
3(6):23, .50, .384. 



St l>av\r»»nce .J: The interactive Mdeodi.sc' 
h at IjLst. Electronic learning .J:49-.52, 

Stanford JR: U.se of a persona! computer in 
continuing medical education. Am J Sur 
148:249-251, mi. 

.Summers G: Tester. J Coll Sci Teach 
l:J:3:>(j-3.58. 1984. 

Van Dongen C-J et al: Using microcomputers 
to teach p^svchopharmacology. J Nurs Ed 
23:2.59 -26(i 1984. 

Watt I) et al: Mass .storage: .special report. 
Popular Computing .3(7): 1 13-134, 19.S4. 

Wiener KB: Evaluating courseware: you don't 
have to be crmputer hterate to effectively 
select CAI materials. lifelong I>eaming 
7:14, 16-17, 28. 1984. 

Zemke U: Evaluating computer-assi.sted in- 
struction: the good, the bad and the why. 
Training 2l(5):22-47, 1984 

Zollman O: Videodisc-computer interfaces. 
Educ Tech 24(l):25-27, 1984. 

Zucker A. Computers m education: national 
policy in the USA. Kur.J Kduc 17:395-410, 
1982. 



Compiled hv H. Modell 



WHERE'S THE SOFTWARE? 



The quest for software continues. In 
November, we published our first 
l'.st of life science software sources 
and programs or program areas 
available through them. The list 
below represents the first update to 
that list. Our intent is to make 
readers aware of resources. No at- 
tempt has been made by CLSE to 
leview the materials. Note that a 
new address appears for Bioleaminp 
Systems, Inc. 

If you have found specific soft- 
ware helpfi 1 in your teachings efforts, 
and we have not listed it, please let 
us known about the program(s) and 
the supplier. Send pertinent infor- 
mation to Dr. Harold Modell, 
Virginia Mason Research Center, 
1000 Seneca Street, Seattle, WA 
98101. 

Bioiearning Systems, Inc, 

Route 106 
Jericho, NY 11753 
(516) 433-2992 



PHOTOSYNTHESIS— Basic 
Unit 

Tutorial for first year college level. 

Discusses chloroplast structure 
and function, ATP-ADP con- 
version, and the role of photo- 
synthesis in the light-trapping 
process. 

PHOTOSYNTHESIS— Ad- 
vanced Unit 

Tutorial for first year college level. 

Focuses on the chemical pathways 
involved in photosynthesis. 

CELL RESPIRATION—Basic 
Unit 

Tutorial for first year college level. 

Features a comprehmsive discus- 
sion of ATP-ADP, oxidation/ 
reduL«,Ion and c:rrier molecules. 

CELL RESPIRATION— Ad- 
vanced Unit 

Tutorial for first year college level. 

Presents an integrated lesson on 
the chemical pathways for 



aerobic and anaerobic respira- 
tion. 

Elsevier-BIOSOFT 
68 Hills Road 
Cambridge, CB2 ILA 
United Kingdom 

The Blanchaer CLINICAL 

CASE STUDIES 

Simulations of clinical cases o^ 

biochemical defects in metabo- 

lisn 

Assumes student has some knowl- 
edge oi biochemistry, physi- 
ology, and anatomy pud that 
case notes and textbooks can be 
referred to while working 
through the cases. 

MATHEMATICS, BIOLOGY 
AND MICROCOMPUTERS 

Aimed at practitioners and stu- 
dents with an inte it in meth- 
ods for analysis ot biological 
data, modelling of biological 



ERIC 



on 

0742-.->23.Va'i/$0.00 * 2.20 ^ ■ liisT. HY KI.SKVIKK .SCIBNCK I'UKI.ISIIINC CO . INC. 



24 



COMPUrKltS IN i.!FK.SClKNC-K KDL'CATION. VOLUMK 2, SV\\\\\-M 2, Nl'MBKU-J, MAKCH 108.-) 



procasses and the determination 
of molecular properties. 
KINCALC 

Simulation of first order chemical 

kinetics. 
CATLAB 

Simulation of cat breeding experi- 



ments focusing on principles of 
genetias. 

OSMOTIC PRESSURE 

Provides several simulated experi- 
ments involving osmotic pres- 
sure. Program 1 includes several 
experiments using a thistle tube. 



Program 2 is an animation of a 
molecular model for osmosis. 
THIBBLES 

Introductory unit on scientific 
method consisting of a written 
tutorial and computer simula- 
tion. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals of Con\pu{QVi> in Life Science EddtaUon are invited 

for possible publication m the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for nublication should not exceed 2000 words and should be 
typewritten, double spaced, with wide margins The original and two copies includ- 
ing two sets of figures and tables should be sent to the Editor: Dr. Harold ModelK 
Virginia Mason Research Center. 1000 Seneca Street. Seattle. \VA 98101. 

Title page should include full title, list of authors, academic or professional affilia- 
tions, and complete address and phone number of the corresponding author. 

lilustrstians should be submitted as original drawings in India ink or sharp, un- 
mounted photographs on glossy paper. The lettering should be such that it can be 
legible after reduction (width of one column ~ 5.7 cm). 

Reference style and form should follow the "number system with reference'i al- 
phabetized** described in the Council of Biology Editors Style Manual. References 
should be listed in alphabetical order by the first author's last name, numbered 
consecutively, and cited in the text by these numbers. 



RESPONSIBILITY AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in ar- 
ticles. All autho's submitting manuscripts will be sent a copyright transfer form to 
complete The completed form must be returned before the work will be published. 



SUBSCFiPnON INFORMATION Computers in Li/e Srierce Education is published monthly i'y Elsevier Science Publishing 

Co . Inc . 52 Vanderbilt Avenue. New York. NY 10017 Subscription rate is $58.00 for 12 issues, 
including postage and handling u\ the United States and Canada Add $20 00 for postage 
(airmail) in Mexico and Europe and $23.00 for the rest of the world 

This newsletter has been registered with the Copyright Clearance* Center. Inc. Consent is given 
for copying of articles for personal or internal use. or for the personal or internal use of 
specific clients This consent is given on the condition that the copier pay through the Center 
the per-copy fee stated in the code on the first page for copying beyond that permitted by the 
US Copyright Law If no code appears on an article, the author has not given broad consent to 
copy and permission to copy must be obtained directly from the author This consent does not 
extend to other kinds of copying. 5uch as for general distribution, resale, advertising and 
promotional purposes, or for creating new collective works. 

Address orders. <^Hanges of address, and claims for missing issues to journals Fulfillment 
Df»partment. Elsevier Science Publishing Co.. Inc.. 52 Vanderbilt Avenue. New York. NY 
10017. Claims for missing issues can be honored only up to three months for domestic 
addresses and six months for foreign addresses Duplicate copies will not be sent to replace 
ones undelivered due to failure to notify Else«'ier of change of address 

Address editorial correspondence to Harold I Modell. PhD. Virginia Mason Research Center. 
1000 Seneca Street. Seattle. WA 98101 

POSTMASTER Send address changes to Computers in Li/e Science Education. Elsevier Science 
Publishing Co.. Inc . 52 Vdiiderb»lt Avenue. New York. NY 10017 



ERLC 



108.0 BY KI.SKVIKK.SCIKNCK PUHLLSHING CO., INC. 



(l7l2..T2;n/85 $(MH> ■ 2 20 



91 



VOLUME 2, NUMBER 4, APRIL 1985 



Cl-SIvKJ 2( l)2.')-:l2. I<(«.-) ISSN ()742-.)2:}:{ 



COMPUTERS 
IN LIKE 
SCIENCE 
EDUCATION 




HAROLD I. MODELL 

Virfinia Mtson Resetrch Center 
SMttle. Washington 



MARCEL BLANCHAER 
Profttsor of Biochemistry 
Faculty of Medicine 
University of Manitoba 
Winnipeg. Manitoba 
Cana<la 

THEODORE J. CROVELLO 
Department of Biology 
University of Notre Dame 
Notre Dame. Indiana 

JAMES W. ECKBLAD 

Department of Biology 
Luther College 
Decorah.i /a 

TSEGAYE WABTEMARIAM 

School of Vttennary Medicine 
Tuskegee InsUtute 
Tuskegee. Alabama 

DONNA LARSON 

School of Nursing 
Grand Valley Stale College 
Allendale. Michigat. 

TERRY M. MIKITEN 

Graduate School of Biomedical Sciem 
University of Texas Health Sciences (.enter 
Sao Antoiuo. Texas 

lAMESE. RANDALL 
Department of Physio I ogv 
Indiana University 
Btoomington. Indiana 

PATRICIA SCHVVIRIAN 

College of Nurs.ng 
Ohio State University 
Columbus. Ohio 

RICHARD STULL 
College of Pharmacy 
University of Arkansas 
UttleRock Arkansas 

JAMES W. WOODS 

Lister Hill Natiorul Center 

for Biomedical Communications 
National Library of Medicine 
Bethesda. Maryland 

DOROTHY WOOLEY-McK AY 
Department of Biology 
Slendale Community College 
Clendate. Arizona 

GLENN YOSHIDA 

Dvparlment of Life Sciences 
Lot Afifeles Southwest College 
ijot Angeles. California 



CONTENTS 

CREATIVE EDUCATIONAL USE OF SOFTWARE 

WRITTEN BY OTHERS 25 

Roy S. Meyers and Robert Parsons 



CREATIVE EDUCATIONAL USE OF 
SOFrWARE WRITTEN BY OTHERS 



Roy S. Meyers 

Department of Biology, Skidmore College 
Saratoga Springs, New York 

Robert Pai*so*iS 

Department of Biology, Rennselaer Polytechnic 
InsUtute, Troy, New York 



ELSEVIER 



Science educators who wish to em- 
ploy computer models in their teach- 
ing are often faced Adth using mod- 
els written by others, usually for 
purposes somev.^hat different than 
they have in mind. While one might 
ideally like to sit down and program 
an original model from scratch de- 
signed to meet the specific needs and 
educational philosophy of the par- 
ticular sicuation, this tack is often 
not practical for a variety of rea- 
sons, including the limits of time 
and progranuning background. Even 
though relatively few science edu"^- 
tors are experienced in programnrang 
their own complete stand-alone 
models, many have sufficient pro- 
gramming background to either al- 
ter pre-existing models or utilize the 
output of those models in novel 
ways. The purpose of this article is 
to provide such individuals with 



some ideas of hew to go about the 
process of adapting software 
authored by others to meet their 
own particular educational needs. 

We do this by discussing in some 
depth the use of two sample physio- 
logical models — the nerve action 
potential model and the HUMAN 
physiological simulation— by the 
authors at their respective institu- 
tions. For ach of these two models 
the reader is given an idea of how 
altercations were mad<* in either the 
original model itself or its output so 
that the model could be successfully 
employed in the variety of teaching 
situations particular to that institu- 
tion, course, or instructor's educa- 
tional philosophy. While the article 
is aimed principally at those individ- 
uals who are comfortable doing some 
actual reprogramn^iiig, we also wrote 
with the intention that two other 
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groups could profit from the article. 
Those users who do not do any 
programming should find the infor- 
niation here on what models are 
available and what strategies were 
employed in their use thought- 
provoking. Those who do write their 
own full stand-alone models should 
find interesting material on the needs 
and possible teaching approaches of 
others who may later become an 
audience for their models. 

USE OF THE HODGKIN-HUXLEY 
MODEL 

This section describes tha use of one 
particular program, a nerve action 
potential simulation based on the 
Hodgkin-Huxley equations, to il- 
Irstrate in depth how such a prv 
giam may be adapted for use at 
different levels of college science 
education. While many computer 
implementations of this model exist 
(including Hodgkin-Huxley*s origi- 
nal), the version discussed below was 
adapted from a program by Dr. 
James Randall.^ First, the program 
itself is described for those readers 
who have never seen it before. The 
uses of the program at different 

B 



levels of the education process at 
Skidmore are then detailed. Finally, 
one particula; use in an advanced 
level course h. dissected in detail to 
illustrate how alteration of a pro- 
gram by students and faculty can 
greatly expand its range of possible 
use. 

The Randall Hodgkin-Huxley 
Model 

Ne»^e axons exhibit a typical stereo- 
typed electrical firing (the action 
potential) that underlies their be- 
havior. In 1952, Hodgkin and 
Huxley^ showed that underlying this 
repetitive discharging (depolariza- 
tion) and recharging (repolarization) 
of the nerve axon membrane is a 
cyclical influx and efflux of ions down 
their physical-chemical gradients. 
The membrane depolarizes because 
Na^ ions flow inward, and then it 
repolarizes because another posi- 
tively charged ion, K"^, flows out- 
ward. The cause of these cyclical 
ionic fluxes is a change in the con- 
ductance ("ease of flow") of the 
nerve membrane, lirst to Na"^, then 
to K that alternately allows each 
of the charge carrying ions to flow 

30: 



passively down their gradients. 
These changes in conductance, their 
resultant ionic current flows, and 
the subsequent membrane voltage 
changes they induce (ie, the action 
potentials) were expressed by the 
authors in a set of equations (the 
Hodgkin-Huxley model) that al- 
lowed them to input their experi- 
mental data and solve for the re- 
sultant action potentials. 

The reader can get some idea of 
this process by looking at Figure 1, 
which shows tne output of (what is 
essentially) Dr. RandalFs original 
axon action potential program 
(based on the Hodgkin-Huxley 
model). On the left is shown the 
input module, in which the stud ^nts 
are allowed to choose the size and 
duration of up to two stimuli with 
which they will "stimulate" the 
model nerve. In addition, the initial 
X wJting potential and delay time be- 
tween th'* first and second stimuli 
may be controlled. The size of these 
stimulus parameters is also visible at 
the bottom of the outpUv plot (right 
panel). This figure shows a typical 
program graphic output, which in- 
cludes the voltage behavior of the 
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FIGURE 1. Sample program run for the unaltered Hodgkin-Huxley nerve axon simulation. (I^ft panel, HA)) Sample 
reconstructed input screen. (Right panel 1( H)) Sample graphic output for tht values input on the left. The top shows a plot of 
transmembrane voltage while the bottom displays the underlying membrane conductances (G) to sodium (Na) and potassium (K). 
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membrane (ie, action potential, top) 
and the underlying ionic conduc- 
tance changes for Na (GNa) and K 
(GK) on the bottom. The program 
essentially proceeds by first allowing 
the user to input experimental 
parameters and then generating out- 
put by solving the Hodgkin-Huxley 
equations while displaying that solu- 
tion on an ongoing basis on a CRT 
graphics screen. 

Use of the Model at Different 
Course Levels 

Use in lower level €md non-major 
courses. In lower level coi'rses such 
as the physiology section of the 
freshman biology course or the non- 
majors January term course on the 
brain, it !s inappropriate for stu- 
dents to concern themselves with 
the details of the ionic currents and 
their generation. On the other hand, 
it is crucial that they grasp that ion 
movements do indeed underlie nerve 
axon behavior and develop sonie 
visual concept of what an actual 
action potential is. The model pro- 
vides an alternative to the fx)me- 
times cumbersome and poorly porta- 
ble frog sciatic nerve demonstration. 
By altering the program output 
slightly so that it shows the ionic 
currents (flows) of Na and K instead 
of the conductances, the students 
get to see both the action potential 
itself (top) and the occurrence and 
time relationships of the underlying 
currents. In smaller classes, it is also 
possible to generate a socratic inter- 
action among the student, the in- 
structor, and the model by urging 
the students to suggest further sets 
of experimental parameters. 

Use in middle level (mc^ors) bi- 
ology courses. Students at the in- 
termediate level (such as in com- 
parative vertebrate physiology) are 
more prepaied to begin to delve into 
an in-depth understanding of the 
ionic hypothesis and its implications 
for how electrically excitable tissues 
work. In addition to a discoission in 
lecture of nerve action potentials 
and some lab work with the sc*'"tij 
nerve or a comparable preparation. 



a session with the model in either 
class lecture form (with the instruc- 
tor soliciting suggestions for inputs 
to the model) or in a small group 
microcomputer lab session (two stu- 
dents/micro) has proven effective. 
The microcomputer "lab" format 
most often starts with a handout 
that gives students s^ 3cific proce- 
dures to carry out and ends by 
asking them to devise their own 
experimental design through which 
to test some additional hypothesis 
of their choice. The range of the 
suggested procedures is wide and 
includes many suggested by Dr. 
Randall himself such as investiga- 
tion and characterization of the re- 
fractory period, local responses, the 
basis of the after-hyperpolarization, 
and latent responses. Becaase the 
program was originally written in a 
highly modular form, it is easy for 
an individual with a modicum of 
BASIC programming background to 
reprogram the output so that it can 
display whatever is desired and most 
appropriate for each particular use 
(tabular outputs, conductances, cur- 
rents, the underlying variables M, N 
& H that control the conductances, 
etc). 

Use in advanced level courses. In 
an advanced level course (electro- 
physiology) the model has proven to 
be the most useful. Since its incep- 
tion, electrophysiology has included 
a considerable section on the behav- 
ior of nerve axons. At least part of a 
lecture devoted to the Hodgkin- 
Huxley equations themselves has al- 
ways been included. While that lec- 
ture originally proved to be rather 
trying for some of the students, the 
use of the model has turned it into a 
highly effective teaching experience. 
The instruction sequence followed 
for the last two years has consisted 
of a reading of one of the original 
Hodgkin-Huxley papers (after 
suitable preparatory lecture work) 
followed by a lecture on the equa- 
tions themselves. The students then 
work through some of the types of 
nerve axon modeling exercises de- 
r^ribed above. Having reached this 



point, they are instructed co individ- 
ually develop a design for an experi- 
ment involving the model that 
requires some alteration in the pro- 
gram i^%lf. The implementation of 
their chosen design is then firmed up 
in one-on-one tutorial conferences 
with the instructor. To my great 
iiiitial surprise and pleasure, each 
student in the last two years has 
proven able to reprogram (with my 
help as appropriate) the model to 
ask of it an interesting and valid 
question. In order to facilitate this 
independent work, the model has 
also been rewritten to run on the 
collegers VAX ll-750s so that the 
student is not limited to working 
solely during the hours that the 
microcomputer lab is open. Again, it 
is the highly modular nature of the 
original program that allows indi- 
viduals with limited (usually one 
course) programming experience to 
actually alter the program itself. An 
interesting aside is that while I make 
versions available for student use 
both in the original BASIC and 
PASCAL, all uniformly prefer the 
BASIC version. Indeed, despite its 
touted faults, the English language 
nature of BASIC statements ap- 
pears to offer a very decided ad- 
vantage to the inexperienced stu- 
dent. Those with a sound knowledge 
of the Hodgkin-Huxley equations 
but no programming experience have 
proven perfectly capable of working 
out simple alterations in the pro- 
gram in concert with me. The key is 
not the nature of the language, but 
that the program must be highly 
structured and modular. 

The results of two such student 
projects may be seen in Figure 2. 
The experiment on the top was de- 
signed to generate data to simulate 
a tetrodotoxin (TTX) block of the 
nerve. TTX is a toxin produced by 
the puffer fish that blocks the mem- 
brane channels thiough which 
sodium enters, thereby effectively 
eliminating action potentials. This 
student decided to simulate the TTX 
block by reducing the sodium cur- 
rent proportionately to the level of 
block (ie, concentration of TTX) 
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FIGURE 2. Sample student programmed modifications of the axon action potential 
model. (Top panel, 2(A)) Simulated block of the sodium channels by tetrodotoxin 
(TTX) at four differing levels were superimposed. The four levels (a-d) correspond to 
Wockage of 0, 60, 70 and 75% of the maximum available number of channels. 
Transmembrane voltage (to/)), sodium ion conductance {6o/tom, a-c) and potassium 
ion conductance (bottom, gK) are shown plotted. (Bottom panel, 2(B)) Simulated 
voltage clamp experiments. Four superimposed runs are shown with total ionic 
current (Uotal, top) and potassium current {^K, bottom) plotted. The clamp voltage 
level for each ru\ is indicated at the right hand side of its corresponding current 
record. Pota«'ciam current decreases from top to bottom as clamp voltage becomes 
more negative. 



95 



selected at the beginning by the 
user. Early versions reduced INa 
linearly as a function of TTX con- 
centration while later versions, after 
some library research, utilized a 
typical log dose-response relation- 
ship to reduce the current. The re- 
sults of four superimposed experi- 
mental runs (a-d) at concentrations 
of TTX sufficient to reduce the 
sodiam current by 0%, 60%, 70%, 
and lb% (of its maximum under 
these conditions) are shown. The top 
trace shows the membraue voltage 
response. Note particularly complete 
blockage of the action potential at 
the 75% concentration. That this is 
due to a lack of sufficient membrane 
voltage change to activate the Na 
channels is suggested by the match- 
ing progressive reduction in the cor- 
responding four Na conductance 
curves on the bottom. In this pro- 
cess, the student greatly deepened 
her understanding of the factors in- 
volved in triggering the action 
potential. She also learned both how 
to model typical drug-receptor in- 
teractions and how to consult t.ie 
literature to find the data necessary 
to extend a model. 

The second set of traces (Fig. 2(B)) 
show the results of the experiment 
of a student who was interested in 
simulating voltage clamping of the 
nerve (ie, allowing the currents to 
flow but removing their voltage, 
changing results by holding the 
membrane potential constant at any 
desiied level). The student wished to 
observe the effects of these different 
voltage levels on the resulting mem- 
brane currents. This is exactly the 
method employed by Hodgkin and 
Huxley in their original experiments 
to enable them to measure the ac- 
tual ionic conductance changes. This 
student repro grammed the model 
by simply altering the program line 
that normally calculates the new 
voltage on each iteration to a new 
form in which the voltage is always 
restored to a level preselected by the 
user. The results of four such experi- 
riental runs are shown superim- 
posed in Figure 2(B). On the top are 
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total membrane currents (sum of Na 
and K) at four levels of clamped 
voltage (-40, -20, +20, and +30). 
On the bottom are the correspond- 
ing potassium currents. The dif- 
ference between the total current 
and potassium current gives the 
sodium current. Note in particular 
that the early inward (upwards) 
total current (top record) becomes 
smaller as the clamped voltages ap- 
proach + 20 to +25. This is the 
value at which Na is in equilibrium 
(has no net driving force on it). 
Consequently, all tendency for IJa 
to move inward is removed. 

Some other student-designed i,io- 
jects for thi year included manipu- 
lation of the Na or K equilibrium 
potentials; studies of the effects on 
the underlying channel-gating vari- 
ables of different initial resting 
(holding) potentials; and investiga- 
tions of the effects on the cardiac 
action potential (Beeler-Reuter 
model) of a variety of experimental 1 
maneuvers. Through these projects, 
the students' understanding of the 
basic Hodgkin-Huxley hypothesis 
has been greatly enhanced because 
they had to grapple directly with 
the guts of the hypothesis itself, its 
assumptions, and how those as- 
sumptions are linked together. In 
the author's (RSM) 18 years of 
teaching experience at a variety of 
institutior and levels, he has never 
personally seen as large a group of 
students achieve as great a depth of 
penetration before. 

USE OF THE HUMAN PHYSIO 
LOGICAL MODEL 

A second example of the use (and 
alteration) of a program to fit the 
individual educational philosophy 
and situation of the instructor 
utilizes the HUMAN-80 model of 
the physiology of the body.^ Again, 
the discussion will first focus on the 
model itself (in order to familiarize 
the reader with it). It will then 
proceed to illustrate uses of the 
model in various courses with the 
discussion focusing on ways to alter 
the original model itself (or in this 



case its output) to allow users to do 
with it things beyond the original 
intent of the programmer. 

The HUMAN-SO Model 

HUMAN is a "comprehensive 
mathematical model of the physi- 
ology of the human body in health, 
disease and during treatment." The 
original mainframe and minicom- 
puter version was written in FOR- 
TRAN by Dr. Tom Coleman at the 
University of Mississippi Medical 
Center. Microcomputer versions for 
the IBM and Apple II series, writ- 
ten by Dr. James Randall (Indiana 
University Medical School), are also 
now available. Skidmore has a 
minicomputer version running on its 
VAX 11-750S, and both Skidmore 
and RPI have the microcomputer 
versions available. In all frankness, 
one can only say that HUMAN is a 
stunning educational programming 
achievement. The model provides an 
integrated approach to many of the 
major physiological systems of the 
body including the cardiovascular, 
respiratory, renal, and thermoregu- 
latory systems, and it also includes 
selected major components of many 
of the other body systems. It allows 
the user to change up to 60 physio- 
logical parameters and on each iter- 
ation computes (and therefore al- 
lows the user access to the values of) 
over 150 variables. The educational 
strength of the model is that it 
allows the student to work with the 
integrated physiology of these sys- 
tems. Thus after perturbing one or 
several variables (eg, in inspired 
air, level of exercise), the user can 
observe the wide ranging, complex 
series of homeostatic adjustments 
that are made in the various body 
systems as they unfold sequentially. 
The range of educationally useful 
exercises seems virtually limitless, 
and student-designed experiments 
have included simulating high al- 
titude and deep sea conditions, 

blood doping" an exeicising model, 
and many othe*^. 

A sample reconstructed output 
from a HUMAN experiment might 



be instructive for those unfamiliar 
wdth the model. The results of one 
such sequence su{i jested in Dr. 
Randall's manual for vhe miaocom- 
puter version are shown in Figure 3 
The first group of data shows the 
normal status of the subject. In this 
output the user has selected to dis- 
play arterial pressure, cardiac out- 
put, muscle blood flow, lung ventila- 
tion, arterial content, blood lactic 
acid, O2 debt, and the level of ex- 
ercise (in L/min above resting 
consumption level). In the next block 
of lines, an exercise session begins at 
a level of 2 L/min above resting 
consumption level. We notice 
changes in cardiovascular parame- 
ters, including an increase in both 
cardiac output and the percentage 
of it that is sent to the exercising 
muscles. Because the subject pro- 
gressively builds up an Og debt, the 
model ceases to exercise at around 
25 min (this cutoff at 10-L O2 debt is 
built into the model). The student 
then tries to slow the buildup of the 
O2 debt by having the subject 
breathe 100% (data in block 3). 
While this succeeds in lengthening 
the time until the exercise cutoff to 
some 40 min, the 10-L O2 debt level 
is eventually reached, and the sub- 
ject again ceases exercising. At this 
point the student must conclude 
that the O2 delivery problem does 
not lie in the respiratory system 
(which clearly can deliver no more 
O2) and is directed to try to simu- 
late cardiac exercise conditioning by 
increasing the basic strength of the 
right and left heart (ventricular con- 
tractility). The next series of data 
(fourth block) shows that this 
maneuver is indeed successful for 
the entire duration of the 80-min 
period shown, leading the student 
forcefully to the realization that it is 
the circulatory rather than the re- 
spiratory system that is the limiting 
factor in this type of endurance 
exercise. As an assignment for ad- 
vanced students, we have had them 
work further through the limita- 
tions on endurance exercise by ask- 
ing them to get the model to "run" 
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FIGURE 3. Sample reconstructed tabular output from t ie HUMAN simulation. 
Four blocks of data are shown, each illustrating one phase of a student experiment 
exploring factors limiting endurance exercise. See the text for further details. 



for 24 hours continuously at the 2.0 
L/min O2 level. In addition to the 
above factors, other problems they 
have to work through are salt deple- 
tion, water depletion, temperature 
control, and nutrient depletion. 

Clearly, the possibilities for the 
creative generation of various physi- 
ological investigations are numerous, 
and we will not describe further the 
various ways in which we have em- 
ployed the standard model. Rather, 
the remainder of the discussion will 
focus on ways to use the model that 
were not originally provided for di- 
rectly in the program itself. Two 
such interlinked problems are the 



lack of graphic output and the dif- 
ficulties involved in employing the 
model to generate data for further 
student analysis. Graphic output is 
highly useful in allowing the student 
to detect overall trends. Difficulties 
in using the model as a data genera- 
tor for further analysis of trends and 
relationships among variables come 
about because of the very strength 
of the model itself and the large 
number of variables it uses. This 
paradoxicalij results in printouts of 
reams of paper containing massive 
amounts of data that cause student^s 
inexperienced in experimental design 
to become lost. Both of these aspects 



could be dealt with by rewriting the 
original FORTRAN source code to 
allow for outputs in the desired form. 
However, given the size of the pro- 
gram and the general lack of FOR- 
TRAN programming background 
among current tducators, that op- 
tion is not always a practical one. 
Rather, the tack taken is the sim- 
pler one of intercepting the output 
as it is generated (this can be done 
on the IBM or the VAX by specify- 
ing a file as the output from the 
command level). Then, once the data 
is captured in a file, it may be 
manipulated further by passing it 
into a graphing routine or into a 
package capable of allowing the stu- 
dent to manipulate the data. The 
use of each of these possibilities as 
tools in teaching experimental de- 
sign and data handling at RPI is 
discussed below. 

Teaching Experimental 
Design 

Students are presented with a physi- 
ological principle such as that circu- 
lation is a major limiting factor 
during exercise (see discussion 
above). They are then asked to de- 
sign an experime!it or set of experi- 
ments that will support or refute Ihe 
principle. This means deciding which 
eight parameters they are going to 
monitor, how they are going to per- 
turb the system, how long they are 
going to run the experiment, how 
often they are going to take samples, 
etc. This requires running many ex- 
periments and results in many pages 
of solid numbers. As any experi- 
menter knows, a very powerful way 
of seeing the general trends and 
important inflection points is to 
graph the data. 

Our objective is to have the stu- 
dents spend the maximum amount 
of time thinking about designing the 
experiments rather than graphing 
poor results. Thus we have written a 
GRAPHICS program to plot the 
output from HUMAN. The 
GRAPHICS program is written in 
BASIC, while the simulation is a 
FORTRAN program. We use a small 
batch file to divert the output from 
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HUMAN to a file that later serves 
as input for the GRAPHICS pro- 
gram. The GRAPHICS program 
reads the output from HUMAN and 
removes all information except the 
parameter titles and the data val- 
ues. The resulting data in the file 
can then be saved for use as input to 
other programs, such as LOTUS 
1-2-3, or graphed for immediate 
viewing. 

The GRAPHICS program ini- 
tially provides a rough view of the 
eight variables that were sampled 
during the experiment. Figure 4(A) 
is how the data from an experiment 
similar to that in Figure 3 looks 
after it was run through the graph- 
ing program. The student can then 
choose to view any three variables 
simultaneously in more detail. Fig- 
ure 4(B) shows cardiac output (CO), 
arterial oxygen content (OgA), and 
exercise level (represented as total 
oxygen usage above normal). These 
variables are displayed in three col- 
ors on the CRT screen, which dis- 
tinguishes them more clearly than 
does this black and white reproduc- 
tion. Note the series of points just 
below the plotted lines. On the same 
line, also note the two solid (darker) 



bars, the **A'' bar, on the extreme 
left and the second **B" bar, above 
the **2" (in 12 min). Moving these 
bars (with the keyboard arrow keys) 
allows the user to obtain the X and 
Y values of any point on the plot. 
The X-axis values (time) at each bar 
location are given at the bottom of 
the screen and the Y-axis values 
(one for each of the three variables) 
are displayed in the table at the 
right of the screen. This arrange- 
ment eliminates the screen rlutter- 
ing problem of putting three Y-axis 
scales on the graph and yet allows 
easy access to Y and X axis values. 

The graph in Figure 4(A) has bar 
A at day 1 hour 12 min 0. This is 
during the control period before ex- 
ercise began. Bar B is at day 1 hour 
12 min 50, just before exercise 
stopped. The percent changes (val- 
ues on the right. Fig. 4(B)) clearly 
show that cardiac output responded 
with a 188% ^.hange, but even with 
the increased ventilation, the oxygen 
content only increased by 8.7%. The 
student may then go on to examine 
other parameters such as the oxygen 
debt. By using this program the 
students can get a quick graphic 
interpretation of the particular 



experiment they have just run and 
then decide if they should redesign 
the experiment. Once they h^ve a 
satisfactory set of data, they can 
permanently save that information 
to a file that can be reloaded into 
the GRAPHICS program or can be 
used jy other programs. 

Teaching Data Handling 

At this point the student has a set 
of data that he/she feels supports or 
refutes a particular physiological hy- 
pothesis. The next objective is to 
determine how the data should be 
presented to illustrate the coriclu- 
sion most convincingly. Using our 
GRAPHICS program the student 
has saved each experiment in a file 
that can be read into a program 
such as LOTUS 1-2-3. Here the data 
can be easily manipulated and 
graphed in different ways. The 
example in Figure 5 is what I use to 
introduce the students to LOTUS. 
Using the same exercise example, 
the figure shows the rate of increase 
of oxygen debt of a normal subject, 
one who is breathing 100% O2, and 
one who has a heart 30% stronger 
than normal (a conditioned heart). I 
then point out that while this graph 
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FIGURE 4. {Left, 4{A)) Graph of HUMAN data produced by GRAPHICS program. All eight van bles are graphed using the 
IBM high resolution screen. The menu at the bottom of the figures allows the student selection of the other functions. The Graph 
option will produce a graph of three variables simultaneously (See Fig. 4(B)). 'IHme Window allows selection of the time range to be 
plotted in Graphs. Compute will rerun HUMaN. System will allow the user to save a data set or reload an old data set. Reset will 
restart the program. This is done when a new experiment will be run. {Right, 4{B)) Simultaneous view of any three variables 
produced by HUMAN. Individual X and Y values for the data can li.so be obtained (see text for explanation). Three such sets of 
values are shown on the right. 
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FIGURE 5. An example of data gener- 
ated using HUMAN, saved using 
GRAPHICS, and plotted using LOTUS 
1-2-3. 



makes a point (that circulation is 
the main limiting factor in short 
term endurance exercise), the plot's 
effectiveness certainly could be im- 
proved upon. For example, the long 
control period could be left off the 
graph, although it was certainly nec- 
essary for a good experimental de- 
sign. Indeed, a statement that a 
20-min control period was measured 



before each experiment could be 
better placed in the text or legend of 
the graph. Further, if one were only 
interested in the rate of increase in 
oxygen debt, a graph ending at 25 
min would perhaps make that point 
more clearly. Or, perhaps a bar graph 
would be more effective. Once the 
data is in a graphing package such 
as LOTUS, these changes take only 
minutes. The student can then con- 
C' titrate on how to best present the 
data without spending hours plot- 
ting a graph only to later regretfully 
decide that a different axis would 
have ^een better. I doubt that stu- 
dents ever make more than one 
graph of experimental data obtained 
in a laboratory experiment, Here the 
purpose of the laboratory exercise is 
to experiment with different graphic 
representations of the same data. In 
addition the students are encour- 
aged to consider what parameters 
will best present their points. For 
instance, in our examples, the rate of 
O.j delivery might be a better param- 
eter to have measured and plotted. 
Using the computer, students can 
redesign and rerun an entire experi- 
ment in minutes. 



CONCLUSION 

Our goal in this article has been to 
illustrate how computer models de- 
signed for use under one educational 
philosophy can, with slight modifi- 
cations, be used to accomplish dif- 
ferent educational goals. The ease 
with which this can be done depends 
heavily on the quality of the original 
author's documentation and his/her 
willingness to share the source code 
of the program. When designing 
software, it is important to recog- 
nize that, by allowing colleagues 
access to this information, the util- 
ity and the educational impact of 
the program is greatly enhanced. 
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CREATIVE EQUIPMENT 
ACQUISITION FOR 
DEVELOPMENT OF 
COMPUTER SOFTWARE 



Richard Stull and Richard Knoll 

College of Pharmacy 

University of Arkansas for Medical Sciences 
Little Rock, Arkansas 



One of the primary problems in 
producing educational software in 
the life sciences is placing hardware 
where it is easily accessible to facul- 
ty members. Ready access in most 
cases means within the individual 
faculty members office or labora- 
tory space. Usually even the most 
ardent backer of computer-based in- 



structional programs is hard-pressed 
to be an active generator of pro- 
grams if the equipment for creating 
those programs is located at a site 
that is not easily accessed. It is even 
proposed by some that equipment 
should be taken home by interested 
faculty not only to promote literacy 
and generate new educational uses, 
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but to make it easy for the faculty 
to sit at the machine and create 
programs. Obviously, other t>pes of 
encouragement are necessary, but 
that of machine access is one that 
can be easily addressed. 

During times when administrators 
are practicing budgetary restraint, it 
is difficult to place computer hard- 
ware so that faculty may have easy 
access. Alternative ways of acquiring 
equipment may be available. For 
example, several computer compa- 
nies have made large contributions 
of equipment to universities either 
in the form of loar»s or as grant 
programs. 

Equipment loan programs may 
aid in exposing faculty/students to 
varieties of equipment either to en- 
hance literacy, in making decisions 
regarding acquisition, or to improve 
access for software generation. These 
programs that involve the lending of 
equipment to institutions are as 
varied in procedures as the number 
of companies involved. For example, 
IBM has a highly organized national 
program to foster the use of IBM 
PC Jrs by university faculty. Others, 
such as Digital, manage a somewhat 
less structured program on a re- 
gional basis, and Radio Shack has 
no organized loan program, but will 
lend equipment through their local 
outlets, depending on relationships 
bnilt by the institution. Like most 
major personal computer equipment 
manufacturers, Tandy also has an 
educational grants program for com- 
puter equipment. 

Loan programs are not always 
without hazard, oftentimes lending 
companies require maintenance that 
may cost as much as the equipment 
itself and »ome expressed intent on 
the part of the university to purchase 
the equipment at the conclusion of 
the loan period. 

With regard to microcomputers, 
IBM appears to have one of the few 
national programs to lend equip- 
ment. The IBM loaner programs are 
designed around two different possi- 



bilities. The first and probably the 
most desirable is where the company 
lends systems to college faculty. 
These systems, which are new IBM 
PC or XT computers, are eligible for 
sale to the school or professor at a 
discounted price at the end of the 
loan period. 

Another is the loaner orogram 
mentioned earlier known as the 
"IBM Faculty Seminar Program." 
This program provides new or used 
IBM PC Jrs for faculty to use for an 
extended period of time (eg, 3-6 
months). The individual faculty 
members involved have free access 
to the equipment for educational or 
personal use. At the end of the loan 
period the machines are not avail- 
able for sale. Additional information 
on the program is available from an 
IBM sales representative or directly 
from IBM (Table 1). 



Company Program 
Apple Faculty purchase 

Apple Program development 

Digital Educational grants 

IBM PCjr loan 

or 

PC & PC/XT loan 
Tandy Educational grants 



Since April 1983, Radio Shack has 
sponsored a quarterly grant pro- 
gram to promote computers in edu- 
cation. The Tandy TRS-80 Educa- 
tional Grants Program has awarded 
over $850,000 worth of hardware 
and software to 79 individuals and 
institutions to date. T'-'^dy presents 
the awards to individuals or schools 
that submit the best research pro- 
posals oii a topic Tandy chooses. For 
example, the 10th quarterly cycle of 
the program, which ended December 
31, 1984, accepted outlines on the 
topic ** Managing Instruction with 
Microcomputers." The 11th cycle of 
the Tandy program will award prizes 
on the best proposals for "Applica- 
tions of Microcomputers in Special 
Education." Proposals were due 
March 31, 1985. You can get a grant 
application, including format and 
content procedures, by writing to 



Address 

An Apple for the Teacher 
c/o B & M Publications 
PO Box 306 

Half Moon Bay, CA 94019 

The Foundation for the 
Advancement oi Computer 
aided Education 
20863 Stevens Creek Blvd. 
Building B-2, Suite A- 1 
Cupertino, CA 95014 

Digital Equipment Corp. 
Educational Services Dept. 
12 Crcsby Drive 
Bedford, MA 01730 

or 

Educational Servic^js Dept. 
Santa Clara, CA 95051 

IBM 

Information Systems Group 
900 King Street 
liye Brook, NY 10573 

Hadio Shack Education Div. 
1400 One Tandy Center 
Fort Worth, TX 76102 



Table 1. 
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Tandy c/o The TRS-80 Educa- 
tional Grants Program (Table 1). 

Apple supports a variety of pro- 
grains for equipment acquisition, but 
currently has no organized national 
loan program. Individuals or institu- 
tions may borrow one or two pieces 
of equipment through regional 
Apple support centers, but for only 
short periods of time. Apple also 
currently has a "Test Drive a Mac" 
program, which allows local outlets 
to place Macintosh computers into 
the hands of prospective buyers for 
a day. 

The *'An Apple for the Teacher" 
program allows educators to buy 
selected Apple products at special 



Schottelius/* Mikiten, * and others,^ 
have reported on the utility of mi- 
crocomputer simulations as teaching 
tools in group settings ranging from 
small group conferences to large 
group lectures. We have used simu- 
lations in both of these settings over 
the past four years with varying 
degrees of success. Although many 
factors may play a significant role in 
determining the level of success of a 
specific presentation, it is our experi- 
ence that the technical aspects of 
the presentation represent a key 
element. The purpose of ^his article 
is to review our use of simulations in 
a medical school setting, focusing on 
the technical aspects of the presen- 
tation. The simulations used were 
mathematical models of various 
aspects of pulmonary function. * 



pri^^es. The program is open to full- 
time instructional and administra- 
tive employees cf accredited schools, 
colleges, and universities. 

We have made an attempt to 
discuss typical programs of just a 
few of the major computer manufac- 
turers; other manufacturers are 
likely to have comparable programs. 
Local outlets seem to be a prime 
place to start when you are unsure 
abou*^ a particular manufacturer or 
program. When having your hands 
on the machine is the rate-limiting 
step in generating computer-based 
materials in your setting, perhaps 
creative equipment acquisition may 
be helpful. 



The phy.?iology curriculum at the 
University of Washington School of 
Medicine is based on an organ sys- 
tem approach with the majority of 
the coursework being presented in 
the second year. Approximately 175 
students are enrolled in the cardio- 
vascular/respiratory course pre- 
sented each fall quarter. The 
respiratory section of the course 
consists of a series of 2-hour blocks 
of lectures to the entire class fol- 
lowed by 3-4 hours of small group 
conferences (22 students/group). In 
the lecture portion o^ the course, one 
simulation dealing with the alveolar 
gas equations has been used by one 
lerturer. This sitTiulation along with 
others dealing with pulmonary 
mechanics, gas exchange, and acid- 
base balance has been used by the 



same individual in his conference 
sessions. 



USE IN THE LECTURE HALL 
The simulation was used for the 
first time in the lecture hall ap- 
proximately 4 years ago. The com- 
puter, an Apple II + , was in full 
view of the students, and the output 
was fed to six 23-inch color video 
monitors suspended at various loca- 
tions around the room. An addi- 
tional monitor was placed in the 
front of the room. 

The output scheme was similar to 
that shown in Figure 1. The output 
was in the form of tabular data on a 
40-column, monochrome screen. A 
movable arrow could also be dis- 
played to focus attention on the 
data that the lecturer was discuss- 
ing. The lecture was designed to run 
several "experiments" using the 
simulation and then discuss the 
principles underlying the observed 
results. 

Gil polling a selected number of 
students concerning the worth of 
the computer display in the lecture 
hall, three general responses were 
encountered. Those students who 
were computer oriented thought the 
experience was helpful. Those stu- 
dents who viewed the computer as 
merely another ** gimmick" thought 
the simulation did nol enhance the 
lecture. The third group was non- 
committal as to the effectiveness of 
the simulation. All three groups 
criticized the output as being dif- 
ficult to read unless the monitor 
being viewed was directly overhead 
and ir good adjustment. 

F'-om the lecturer's standpoint, 
several problems were noted. Be- 
cause the monitors are suspended 
from the ceiling and seldom used, 
preventive maintenance and peri- 
odic adjustments are not performed 
on a regular basis. Hence, it was 
difficult for the lecturer to be sure 
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FIGURE 1, Output scheme for alveolar gas equation simulation first used in the 
lecture hall. Inputs to the modei were tidal volume (VT), anatomical dead space 
volume (VD), respiratory frequency (FREQ), and oxygen consumption (V02). The 
arrow could be moved to focus attention on any of the output values. 



that the color monitors were provid- 
ing a good black and white image. 
With students viewing monitors in 
different areas of the room, it was 
also difficult to ascertain whether 
the class was focusing on the mes- 
sage being conveyed. This was true 
in spite of the fact that an arrow on 
the screen could be pointed at the 
data being discussed. As a result of 
these perceptions, the simulation 
was not included in the lecture dur- 
ing the next two years. 



In the fall of 1984, simulations 
were once again used in conjunction 
With the alveolar gas exchange lec- 
ture, this time with considerable 
success. Although the output scheme 
of the earlier model still provided 
numerical data, a graphical compo- 
nent had been added to clarify where 
the values of being "measured** (Fig. 
2). The presentation mode was also 
changed. As suggested by Mikiten,^ 
every attempt was made to make 
the technology transparent to the 



class. An Apple //c computer was 
used instead of the + . This ma- 
chine was small enough to fit on the 
lectern, effectively hidden from the 
students* line of sight. 

To minimize the chance of typing 
errors when accessing the models to 
be used, a controller program was 
written to load the appropriate 
simulation. This program set up the 
proper graphics conditions and 
accepted only three single characters 
as legal inputs. If the character typed 
was not a "1** (load the first pro- 
gram), "2** (load the second pro- 
gram), or "ESC** (quit), the input 
was ignored. The prompt for the 
input was hidden from the viewing 
screen by displaying the graphics 
screen, placing the cursor at the first 
line of <^he screen, and printing the 
prompt on the text screen. Each of 
the simulations used during the lec- 
ture terminated by calling the con- 
troller program. 

The computer output was fed to a 
Sony Model VPH-1020QM video- 
projector for projection on the same 
screen used for presenting slides dur- 
ing the lecture. The Sony projector 
has a three gun projection system, 
and, as a result, has a fixed focal 
length that limits the image size. 
Unfortunately, this image size was 
not large enough to allow the ab- 
breviations and numbers to be read 
from all parts of the lecture hall. To 
overcome this limitation, the red 
and blue guns were turned off (a 
featuie of the projector), and only 
the green gun was used. By using a 
single gun, the image could be 
enlarged and focused sufficiently so 
that the image could be read by all 
students. 

Using the same screen for slides 
and the computer output necessi- 
tated a mechanism of masking one 
output (ie, slide or computer) while 
projecting the other. This was easily 
accomplih'hed by placing blank slides 
in the appropriate positions in the 
slide projector and by incorporating 
a toggle switch in the cord connect- 
ing the computer output to the pro- 
jector. 



{)'\2 .VZVA/Hrt/$i)Am ♦ 2 20 



X FREQ = 
575 12 6||8 



MJ158 



_/expiredg5§ 



r 



ALVEOLAR 



i1 




RESERUOI 



i- 

It 308 



lu9 




FIGURE 2, Ilev'^ed output for alveolar gas equation simul ition. The graphics are 
designed to indicate where values are being "measured." 
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FIGURE 3. Preview of the output scheme depicted in Figure 2 shown to students as 
a slide. 



To further limit the possibility of 
generating enx)rs that would result 
in the computer technology intrud- 
ing on the message of the lecture, it 
was decided that the computer out- 
put be used only for those aspects of 
the presentation that could not be 
presented with slides. Hence, when 
introducing the model, the assump- 
tions and a preview of the output 
scheme (Fig. 3) were presented as 
slides, even though they could have 
been presented with the computer. 

Another example of this practice 
is a second model shown during the 
lecture. This model presented carbon 
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FIGURE 4. Model of carbon dioxide 
exchange shown first as a slide. The 
model was then run on the computer 
showing an animattJ transition from 
one steady state to another. 



dioxide exchange as a reservoir sys- 
tem (Fig. 4). The pictorial was pre- 
sented first as a slide. The model 
was then used to provide an anima 
tion of moving from one steady state 
to another* Slides were once again 
used to build on this image while 
discussing oxygen exchange (Fig. 5). 

Although the lecture material in 
the mc re recent presentation did not 
differ significantly from that in 
earlier years, the use of the i,imula- 
tion provided a more interactive 
session with a greater impact on the 
students than did the earlier at- 
tempt. This could certainly be at- 
tributed in part to differences in 
class personality and willingness to 
accept the computer as something 
other than a "gimmick." However, 
the technical refinements made in 
the mode of presentation and judi- 
cial use of the computer eliminated 
key problems identified by the lec- 
turer in the earlier presentation. 

USE IN THE CONFERENCE ROOM 

We have used a seriev* of simulations 
covering various aspects of respira- 
tory physiology in the conference 
sessions of the medical course for 



the past three years. As in the lec- 
ture hall, the technical aspects of 
presentation have had a significant 
impact on the effectiveness of the 
presentation. In the conference room 
setting, the models were used to 
reinforce material presented in lec- 
ture and to provide additional data 
during discussion of various problem 
sets. 

The conference group setting, by 
virtue of its more intimate nature, is 
more forgiving of the computer tech- 
nology intruding on the discussion 
at hand. Thus, "hiding" the com- 
puter from view has not proved to 
be as important in this setting as it 
is in the lecture hall. We have used 
both the Apple II + and //c in the 
conference room with equal success. 

The rooms used for the small 
group sessions in this course were 
originally designed as student lab- 
oratories. Thus, each room has 
several laboratory tables at which 
4-5 students sit. Because of this 
design, we initially chose to use 
daisy-chained 9-inch monitors to 
present the computer output. One 
nionitor was placed on each table. 
An additional monitor (25 inch) was 
placed at the front of the room. The 
instructor used the large monitor for 
discussion, and the students could 
see the details of the output on the 
small monitors. 

Although this arrangement was 
satisfactory, it was far from optimal. 
At times the 9-inch monitors proved 
to be too small for easy viewing by 5 
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FIGURE 5. Kxtension of the model 
shown in Figure 4 to apply to oxygen 
exchange. This picture was shown only 
as a slide. 
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students; some students felt obli- 
gated t J make frequent adjustments 
to the picture; and alternating at- 
tention between the small and large 
monitor led to confusion at times. 
Thus, while more latitude in the 
choice of video monitor is avail- 
able in the conference room, the 
iessons learned in the lecture hall 
are also applicable here. 

During the past two years, the 
small monitors have been replaced 
by a single 40-inch projection televi- 
sion system. The curved screen on 
this type of system limits side view- 
ing at times, and, occasionally stu- 
dents must move toward the center 
of the room to view the image. Nev- 
ertheless, having the class focus on 
one output facilitates the discussion. 

We have used two different pro- 
jection television units. One unit did 
not provide a good white on black 
image when used with the computer. 
To overcome this, the red and blue 
guns were covered with cardboard 
(allowing ventilation for the guns), 
effectively converting the unit into a 
"green screen" monitor. Neither 
projection television provided as 
good an image as the video projector 
used in the lecture hall, but both 
proved very effective in the small 
group setting. 

OTHER CONSIDERATIONS 

Our experience with .simulations in 
the classroom has been restricted to 
mathematical models of physiologi- 
cal systems. Another class of simula- 
tions, however, offers considerable 
potential for the lecture and small 
group settings. With the develop- 
ment of interactive video and natu- 
ral language authoring syp^ems,' 
clinical simulations previously de- 
signed for independent study set- 
tings have the potential for return- 
ing the clinical correlation in a 
"grand rounds" format back to the 
classroom. 

The degree of success achieved by 
using clinical simulations will d(i- 
pend heavily on the technical aspects 



of presentation. F'or example, use of 
multiple 'choice interaction with such 
simulations in a group setting will 
dampen rather than stimulate group 
problem solving. Natural language 
input, on the other hand, will serve 
to make the simulations even more 
realistic. 

Input schemes in mathematical 
simulations generally involve a 
minimal amount of keyboard input, 
thereby minimizing the chances of 
typing errors that result in the tech- 
nology intruding upon the discus- 
sion at hand. Use of natural lan- 
guage input with clinical simula- 
tions, while desirable from an inter- 
active standpoint, may increase the 
potential for keyboard enois be- 
cause of the amount of typing neces- 
sary for communication with the 
program. At lea^^'t one group is ex- 
perimenting with voice input for 
interaction with clinical simulation-s. 
This mode offers an attractive al- 
ternative for group settings. 

Our goal in this article has been to 
share some of the experience that we 
has gained ussng the microcom- 
puter as a lecture/discussion aid 
over the past four years. It has 
become clear to us that attention to 
the technical aspects of the presen- 



tation can mean the difference be- 
tween the simulation being viewed 
by students as another " toy" of the 
lecturer or as a useful adjunct to 
learning. 
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In a recent article in T};e Physiolo- 
gist, Coleman and Randall have 
described the operation of their ex- 
cellent physiological simulation 
of human systems physiology, 
HUMANJ Although this simulation 
is intended for use in teaching hu- 
man physiology and diagnosis to 



medical students, I have had excel- 
lent results in using it as an adjunct 
in teaching an undergraduate, non- 
laboratory course in human physi- 
ology at Lafayette College. Further, 
I believe that it could be used ?ffec- 
tiveiy as an adjunct in advanced 
high school biology courses. 
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There are many pedagogic prob- 
lems in teaching nonlaboratory 
courses in the sciences, and physi- 
ology is no exception to this rule. 
Students concentrate on learning 
the physiological concepts presented 
and develop little appreciation for 
the methods used to gather the data 
presented in graphic form during 
lectures and in the text. Further, 
they have little appreciation for the 
difficulties of formulating an hy- 
pothesis, experimental design, and 
the produ'^tion of an "elegant re- 
cord*' that clearly demonstrates the 
effect of a given stimulus on a physi- 
ological variable. Even in courses 
with laboratory sections, it is 
difficult to measure more than two 
or three variables during any one 
experiment. Finally, a certain per- 
centage of students in any class does 
not deal well with graphic presen- 
tation of data (eg, carbon dioxide 
partial pressure plotted a*; a func- 
tion of alveolar ventilation) because 
they have had little previous experi- 
ence in gathering and plotting data. 

I have used HUMAN in several 
ways to enrich my students' experi- 
ences and to at least reduce some of 
the pedagogic problems noted above. 
The simulation iteratively computes 
values for over 200 physiological 
variables and allows the user to 
change more than 70 parameters (eg, 
fraction of oxygen in inspired air). 
Output from the simulation is a 
tabular listing of up to eight vari- 
ables at user-selected time intervals. 
Thus, users of the simulation must 
design an experiment each time they 
use it and plot the output data as a 
function of time, if only in the mind. 

I began by using HUMAN in my 
nonlaboratory human physiology 
course simply as an adjun* t for in- 
terested students. Several of the ex- 
periments, included with the pro- 
gram disk by its authors, were re- 
commended to the students, and an 
Apple n + microcomputer with a 
CP/M card was made available at 
the College computer center. It 
quickly became clear that only a few 



students voluntarily put enough 
time into the simulation to benefit 
from it. 

At present I require that the stu- 
dents write a term paper based on 
experiments of their choice and de- 
sign performed on HUMAN. First, 
the students run five of the "canned" 
experiments for familiarization. The 
students then submit a preliminary, 
two-page proposal for the project, 
which I return to them with sugges- 
tions for improvements. They then 
perform their experiments and sub- 
mit a 10-page term paper in the 
form of a standard scientific paper 
with introduction, methods, results 
(including graphed data), and dis- 
cussion sections and annotated out- 
put from the simulation as an ap- 
pendix. Table 1 shows the output 
from an experiment to show the 
effect of reduced sympathetic out- 
put on heart rate, cardiac output, 
stroke volume, and blood pressure. 
Interpretation of these results by 
the student involves integration of 
knowledge of factor? ^uch as sym- 
pathetic control of heart rate, stroke 
volume, and arteriolar and venous 
toi.e. 

Student response to the model has 
been uniformly favorable. The qual- 
ity of the term papers has been 



better than I expected, and many of 
the students have been motivated to 
consult Guyton's physiology text 
and papers in the literature to ex- 
plain their results. Clearly, the simu- 
lation helps to provide at least some 
of the benefits of a laboratory sec- 
tion in the course. 

I have also used HUMAN as an 
adjunct in my laboratory course in 
comparative animal physiology. 
Several of the laboratory exercises 
have long time intervals between 
data collections, and I have the stu- 
dents run simulations on HUMAN 
during these intervals. For example, 
during a respirometry exercise using 
roaches and Barcroft respirometers, 
the students investigate the effects 
of altitude on human respiratory 
rate and blood pH using HUMAN 
(barometric pressure is set to the 
equivalent of 32,5(X) feet). The simu- 
lation clearly shows the interaction 
of oxygen of pH (PCO2) chemorecep- 
tors in controlling raspiratioi» rate 
(Table 2). 

HUMAN has occasional malfunc- 
tions associated with huge or minis- 
cule values for computed variables 
and will sometimes display values of 
variables that are not compatible 
with life (eg, blood pH vj'lues of 8.3). 
I like this feature of the model 



TABLE 1. The Effect of Reduced Sympathetic Output on Fulse, 
Cardiac Output, Stroke Volume and Arterial Pressure in HUMAN" 

Value of SYMCL is 1.0000 
New value of SYMCL is .5000 
Value of SYMSW is 0.000 
New valuo of SYMSW is 1.0000 
DAY = 1 TIMP: = 12:10 am 



TIME 


fui^p: 


CO 


SVOL 


AF 


12:10 


72.2 


544f). 


75.4 


99.7 


12:11 


85.6 


5295. 


61.8 


72.4 


12:12 


81.7 


5306. 


65.0 


72.3 


12:13 


81.7 


5273. 


64.6 


72.3 


12:14 


81.8 


5254. 


64.3 


72.2 


12:15 


81.8 


5230. 


64.0 


72.2 


12:16 


81.8 


5214. 


63.7 


72.1 


12:17 


81.8 


5194. 


63.5 


72.2 


12:18 


81.8 


5174. 


63.3 


72.2 


12:19 


81.8 


5166. 


63.1 


72.2 


12:20 


81.8 


5153. 


63.0 


72.2 



"SYMCL ts thf value (X normal) at which svnipathctic output is damp.'d, SYMSW a 
switch that IS set at "1" to actuate clamped output. Thu values at 12. U) AM are normal ones. 
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TABLE 2. The KfTect of Altitudt'oii Arterial I^respu re. Cardiac 
Output, liespiration Itate* Blood pH, Arterial Owgen Content, and 
Venous Oxygen Content" 

Value of BAR0Fis7(>(U) " 
New value of BAI^OF is 2(X).() 
DAY = I TIME = I2:0()AM 



TIME 


AF 


CO 


iiHSFirr 


pH 


()2A 


12:00 


99.8 




ii.r;3i 


7.109 


.191 


12:02 


99.7 




1 1 ry.]2 


7.109 


.MO 


12:04 


i8 


ri038. 


21.2 


7. 127 


.133 


I2:0() 


llf). 


()488. 


2.3.2 


7 179 


.131 


12:08 


113. 


70'') 1. 


23..; 


7..")40 


.130 


12:10 


III. 


7364. 


22.8 


7.o(K) 


.130 


12:12 


III. 


7r)2(). 


21.(5 


7.().-)8 


.128 


12:14 


121. 


8770. 


21.0 


7.7 H) 


.127 


I2:I(J 


124. 


8557. 


20.8 


7.764 


.127 


12:18 


124. 


8441. 


20.6 


7.811 


.127 


12:20 


124. 


8380. 


20.() 


7.8.)() 


.128 


12:22 


124. 


8344. 


20.() 


7.9(H) 


.128 


12:24 


123. 


8298. 


20.6 


7.941 


.128 



" BAKOF (harometnc pressure) was changwl to JIM) mm Mg, a pressure roughlv equKalent to 
:J2.r)(K) fet'i Note that re.spirator\ rate mitialK mcreiuses, probahl; due to the lov\ arterial 1^0., 
which IS sensed b> carotid chemort<eptors. However, the rapidK increasing I k\ pH .soon slows 
respirator\ rate, this effect i. probably niKhattHl b> medullarv »)H cheiih^^aptors uhich 
<.ontrol respiratorv rate. The drop in blood pH is due to respiratorv alkalosis ashociated with 
high respiratory rates. Values at !2:(H) am are normal ones. 



because it forcibly reminds the stu- 
dents that the simulation is only an 
approximation of real life phenom- 
ena in an extremely complex system. 
Students frequently "kill" HUMAN 
by not taking into account the effects 



()2V 
.148 
.148 
.128 
116 
.109 
.107 
.106 
.106 
.107 
.107 
.107 
.107 
.107 



of changed parameters on physio- 
logical variables other than the ones 
they are studying. HUMAN does, 
however, demonstrate very well the 
interaction between physiological 
systems. Because the output from 



the simulation is constantly chang- 
ing, the students are challenged to 
explain the basis for the changes. I 
am pleased with the added depth 
the simulation gives to my courses, 
and I strongly recommend it to other 
instructors. 

HUMAN is available in micro- 
computer versions for Apple II com- 
puters with CP/M and IBM PC. I 
use the PC version unmodified on 
the Tandy 2000 microcomputers in 
the College computer center. These 
"micro" versions of HUMAN are 
available from Dr. James E. Randall, 
Department of Physiology and Bio- 
physics, Myers Hall, Indiana Uni- 
versity, Bloomington, IN 4'/ 05. A 
mainframe version on computer tape 
for VAX computers is available from 
Dr. Thomas G. Coleman, Depart- 
ir 'nt of Physiology and Biophysics, 
University of Mississippi Medical 
Center, Jackson, MS 39216. 
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VIDEO-BASED INSTRUCTION AS 
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We live in a world that continually 
impinges upon us with all sorts of 
varied sensations. From the familiar 
sound of a locomotive to the faint 
wisp of a haunting fragrance, we are 
constantly bombarded by our sur- 
roundings. In all phases of our en- 
deavors we strive to replicate and 
present the most realistic models of 
our surroundings. In the area of 



music. Tor instance, we have devel- 
oped sophisticated audio reproduc- 
tion components to give as the most 
faithful sounds available. One area 
where we seem to be failing to strive 
for excellence is in computer-aided 
instruction (CAI), especially in our 
pictorial representations. Not only 
do we not strive for faithful visual 
presentations, we accept crude im- 



itations. While we cannot expect 
every picture to convey a thousand, 
or even a hundred words, we should 
expect them to convey a true repre- 
sentation. One method of accom- 
plishing this, which has been around 
for several years, is the use of video- 
generated materials. These presenta- 
tions have been made possible, and 
fo" the most part accessible to all, 
by tlie popularization of videotape 
and videodisc players. The combina- 
tion of videodisc-generated pictures 
and interactive computer programs 
offers unlimited possibilities in the 
presentation of CAI. 

At the simplest level, one can 
record a lesson on the disc, using the 
computer as the testing mode or for 
problems -ad drills. This method 
has several advantages. While not 
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coming close to utilizing the possible 
powers of the combination ot these 
two technologies, the standard lec- 
ture-drill combination does allow an 
easy means of conveying informa- 
tion. By first videotaping the lesson 
and later editing it, a near-perfect 
presentation can be achieved. Facts 
that otherwise might not be avail- 
able to a learner can be presented 
via experiments. This use also gives 
us the advantage of performing the 
experiment cpjefully to obtain the 
desired results and avoids the possi- 
ble errors present in li/e demonstra- 
tions. Obviously, the use of the com- 
puter in this case is fairly limited 
and, in fact, serves more as a review 
and test instrument than as a truly 
educational medium. 

The next level of integration 
involves the user and computer 
slightly more. This involves a stan- 
dard video presentation of compact 
unit ideas, either single or a few 
concepts. At the end of each unit, 
the student would be assessed for 
comprehension with further ad- 
vancement contingent upon success- 
ful attainment of a predetermined 
level of proficiency or number of 
correct responses. While this does 
not demand a high degree of interac- 
tion, it would involve the user in 
program control. 

The third level of integration in- 
volves a greater degree of interac- 
tion. This mode would be essentially 
the same as the second level but 
with one very important differ?nce. 
When the student found himself 
having diificulties, he would he able 
to request alternate presentations of 
the information. This method, like 
the previous ones, suffers from the 
disadvantage of having a sequential 
flow of information, ie, concepts 
covered previously are no longer 
available for random perusal at the 
convenience of the student. 

A fourth level of integration uses 
the capabilities of both the com- 
puter and videodisc to their fullest, 
ie, while the flow of information is 
linear, any information, past, pres- 



ent, or future, is available to the 
user. This mode utilizes the random 
search capabilities of the videodisc 
player. At the same time, the inclu- 
sion of the computer can be made 
more important, ie, not only can it 
simply test for knowledge acquisi- 
tion, it also can control program 
flow. In tnis combination, program 
control has been transferred to the 
computer The user can choose to 
follow the preprogrammed flow or, 
by direct intervention, can choose 
where to go and what to do. This 
mode involves the greatest interac- 
tion between computer and video- 
disc player. 

The final level of integration is 
simply a modification of the last 
mode. In this combination not only 
is the degree of interaction between 
the computer and videodisc great, 
but it also involves the greatest 
degree of user interaction. Unlike 
the previous methods, which were 
intended mainly to convey basic 
principles, this method assesses the 
comprehension integration and abil- 
ity to utihze the principles pre- 
sented. In essence, this becomes a 
sophisticated interaction with the 
real world. Here the user is not 
presented with a series of facts to be 
learned. Rather, a situation is pre- 
sented that embodies, to various 
degrees of difficulty, principles pre- 
viously learned. Through the inter- 
action of the user with the videodisc 
and computer, further information 
may be requested as needed for the 
solution of the specific problem pre- 
sented. A simple example should 
suffice to point out the difference 
among the methods of integration. 

Suppose we wish to cover the 
disease of measles. The first method 
would simply present the character- 
istics of the disease, its diagnosis, 
prevention, and treatment. Actual 
cases could be presented to demon- 
strate the rash in its various stages. 
Following the presentation, the com- 
puter could be used to present a 
series of questions to assess the level 
of knowledge obtained. Repeated 
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viewing of the lesson could be rec- 
ommended if necessary. 

The second method first might 
present the clinical manifestations 
of the disease, allow assessment, then 
recommend reviewing the section or 
continue on to diagnosis. Again the 
program could assess the knowledge 
obtained and proceed through treat- 
ment and prevention, ending up with 
a final assessment. 

In the third mode, if a student 
was unclear as to the exact clinical 
picture associated with the disease, 
following presentation of diagnosis, 
for example, he could request alter- 
nate presentations such as smaller 
unit3 of diagnosis or more case pre- 
«ientations. These could be delivered 
as follow-ups to the regular presen- 
tation. 

The fourth level of integration 
would be similar to the third except 
for the addition of random sequence 
capabilities. While the third alterna- 
tive required any follow-up to be 
after a presentation, the fourth level 
allows any sequence to be requested 
and obtained randomly. This offers 
the obvious advantage of flexibility 
in learning. 

The final mode might involve ini- 
tial presentation of a patient with 
minimal clinical symptoms*. Ad- 
dition al information could then be 
requested in order to select the most 
likely diagnosis. This obviously 
would have its application in the 
presentation not of e single disease 
state, but rather in the practice of 
differential diagnoses. Following 
final diagnosis (or as an adjunct to 
it), the symptomatology used to di- 
agnose the original case could be 
presented. This method of presen- 
tation allows each user to have com- 
plete access to his own personal 
instructor. 

While these examples might seem 
to indicate that the obvious ad- 
vantages lie with the last two meth- 
ods, this is not necessarily the case. 
It is true that these two do allow 
the maximum interaction of user, 
computer, and videodisc. On the 
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other hand, the first three methods 
could be adapted to the inexpensive 
videodisc players or even videotape 
recorders. Because their applications 
allow only sequential retrieval of 
information, they could also be used 
as developmental protocols for the 
more expensive videodisc players. 

When should video-based instruc- 
tion be used? Potentially almost any 
topic could lend itself to video en- 
hancement In particular, however, 
those areas are best suited that con- 
tain a strong visual image to the 
subject being presented. This is 
especially true in light of the process 
involved in production of a video- 
enhanced module. If one simply uses 
a video tape recorder, problems are 
minimized in that recordings can be 
redone until acceptable. All of the 
problems associated with making 
any video-based product are present. 
For example, if one is filming a 
chemical reaction in which tempera- 
ture is critical, the heat generated 
from lighting necessary for filming 



The topic of using graphics in com- 
puter-assisted instruction (CAI) has 
received attention since ^' . initial 
CAI projects of the 1960s and early 
1970s. However, with the tremen- 
dous advancements in microcom- 
puter technology and video technol- 
ogy over the last decade, effective 
use of graphics in CAI has become 
an increasingly important issue for 
educators to address. The critical 
questions concem the purpose and 
presentation of th^ giaphics rather 
than whether or not one can create 



may accelerate the reaction to 
dangerous levels. In this case, cool- 
ing may be needed, whereas under 
normal laboratory conditions this 
would not be required. Filming of 
live objects may require many re- 
takes in order to obtain the correct 
sequence of events. 

When working with videodisc, the 
problems can be even more difficult. 
This arises from the fact that once 
the final tape is submitted for mas- 
tering, any mistakes discovered later 
are extremely costly. For example, if 
one has placed a sequence of frames 
at a particular location to be 
accessed for remedial action and 
inadvertently included material at a 
higher level, then the desired 
remediation would be lost.. 

One final problem that must be 
mentioned is the necessary interfac- 
ing between the computer, video 
player, and monitor. In most 
instances one requires two monitors: 
one for the video-generated signals 
and another for the computer-gener- 



related graphics. Questions of when 
graphics should be included and how 
graphics should be presented are 
best answered by considering aspects 
of general curriculum design and 
instructional design. 

The purpose of this paper will be 
to discuss briefly some of the im- 
portant design issues related to the 
effective use of graphics in CAI. 
These issues will be addressed from 
both curriculum design and instruc- 
tional design perspectives. Curricu- 
lum design impacts the use of 
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ated information. Systems that al- 
low one to overlay text- and video- 
generated images are now appearing 
on the market, but these usually 
cost more. 

A great advantage to using video- 
generated images is the familiarity 
with, and almost magical acceptance 
of, television by the young. The 
transition from requisite TV watch- 
ing to viewing a TV monitor for 
information is one made easily by 
most people. 

In summary, while computer 
graphics may be increasing in resolu- 
tion and sophistication, nothing can 
replace the actual thing as well as a 
video-generated picture. Inclusion of 
video-generated material in CAI 
modules can lead to a more effective 
and impressive presentation of in- 
formation, r^ution must be ex- 
ercised, however, in the preparation 
of these modules to guarantee the 
proper sequencing of frames and 
inclusion of appropriate material. 



graphics by designating the scope 
and sequence of the content in a 
specific CAI program. If that con- 
tent is highly visual in nature, it is 
imperative that the students be in- 
volved with activities involving vis- 
ual representations of the concept. 
On the other hand, graphics may be 
used from an instructional design 
perspective, because they assist in 
understanding the concept and not 
because they are necessary. For ex- 
ample, an advanced organizer ^or a 
particular lesson may include a sim- 
ple flowchart of what was going to 
happen during various parts of a 
lesson. In this case, a simple graphic 
image will suffice. In many instances 
it is more important to have a sim- 
ple diagram to illustrate a concept 
than a vivid real-life image from a 
videodisc player. 

a .RICULUM DESIGN 
COi>-SIDERATIONS 

From a curriculum standpoint, de- 
velopment of any CAI program is 
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related to the leaming objectives the 
intended audience is to master and 
the prerequisite skills and knowl- 
edge the intended audience is ex- 
pected to have prior to using the 
CAI. The latter is a critical compo- 
nent, as it provides a starting point. 
Designers should delineate the most 
important prerequisite skills. The 
end objective should be task- 
analyzed to determine the possible 
sequences of content that might lead 
to the final objective. This task 
analysis is usually done by working 
backwards from the intended goal to 
the place of entry level skills and 
knowledge. If recognition of various 
visual content is an objective, then 
it would be appropriate to look at 
the sequences of related graphics- 
based content that will lead the 
learner to mastery of that objective. 

Curriculum design will impact the 
selection of the graphic images to be 
used in the CAI. For example, a CAI 
program on diagnoses that are 
heavily dependent cn visual recogni- 
tion of patient symptoms will re- 
quire some sequence of graphic 
images that assist the learner in 
identifying and categorizing the 
symptoms appropriately. An obvi- 
ous rule of thumb is that all graph- 
ics included in any lasson should be 
directly related to the content of the 
lesson at that moment. The purpose 
of the lesson should select the poten- 
tial graphics that may be included; 
not the other way around. 

The graphics identified as being 
related to the scope and sequence of 
the content will also have implica- 
tions for the type of media needed 
to portray the selected graphics 
effectively For instance, a delicate 
medical procedure may require a 
high-quality video reproduction of 
the actual procedure, whereas com- 
puter-generated graphics may suffice 
for the production of a flowchart. 
The use of interactive videodisc 
images and video sequences may be 
the only means to provide instruc- 
tion in certain subjects efficiently 
and efFec ively via CAI. Hence, the 



nature of the graphic image and the 
related media necessary to present it 
will depend on the particular objec- 
tive being a*ldresseJ in that leshun 
and on the appropriateness of in- 
cluding graphics to enhance the pre- 
sentation of an idea or concept. 

INSTRUCTIONAL DESIGN 
CONSIDERATIONS 

Instructional design considerations 
also may influence the way that 
graphics are incorporated into CAI 
packages. In this case it isn't so 
much what is being taught as it is 
hoK' it is being taught. There is no 
substitute for good instructional 
pedagogy, and the design of CAI 
demands that aspects of instruc- 
tional design be considered. From an 
instructional design standpoint, the 
characteristics of most learners that 
have implications for how the con- 
tent is presented are of principal 
concern. Many of these implications 
are related to the presentation of 
graphics and what they may do to 
contribute to leaming. Other issues 
such as the type of questioning, vhe 
frequency of interaction, kinds of 
structured feedback, and branching 
also are instructional design issues 
La* are not necessarily related to 
effective presentation of graphics in 
CAI. Some issues that are important 
and graphics related include the in- 
terplay of graphics and text; the 
effective placement of the graphics 
on the display; the selection of the 
appropriate graphics image; the use 
of color; and the use of motion or 
animation. 

Although there are other issues 
we might address, these issues arise 
frequently in discussions regarding 
effective use of graphics in CAI. 

THE INTERPLAY OF GRAPHICS 
AND TEXT 

The combined use of graphics and 
text usually will be such that the 
graphics image is an enhancement of 
the text explanation. This implies 
that the graphics should not com- 
pete with the text for the student s 
attention. The addition of graphics 
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in this instance is an enhancement 
to the textual information. This usu- 
ally implies the use of simple graph- 
ics that only illuminate the essential 
aspects of the concept being dealt 
with in the text. In this case, presen- 
tation of the graphics may actually 
be delayed to ensure that the stu- 
dent has read the related text first. 
It may be, however, that the text is 
a further explanation of a particular 
graphics image and that an explana- 
tion follows pointing to a particular 
part of a graphics image. In this 
case, the text enhances understand- 
ing the graphics image and should 
pertain only to that portion of the 
graphics image selected by the stu- 
dent. Regardless of the major em- 
phasis of text or graphics, it is im- 
perative that there be a consistent 
and narrowly defined relationship 
between the content of the text and 
the content of the graphics. The 
level of distraction from the primary 
objective by combined use of text 
and graphics should be kept to an 
absolute minimum. 

EFFECTIVE PLACEMENT 
OF GRAPHICS 

Effective placement of graphics on 
the screen depends on whether the 
emphasis is on the graphics image or 
on the text. In any case, it is im- 
portant to realize that most stu- 
dents in Western civilization will 
track with their eyes from the top 
left side of the screen to the lower 
right side of the screen. Ideally, 
functional areas of the screen dis- 
play will be established such that 
students are comfortable with find- 
ing frame headings, prompts, and 
instructions in the same areas of the 
display at all times. If the primary 
emphasis is on the graphics, then 
they should appear towards the top 
or to the left side of the display. The 
text will then appear to the right or 
at the bottom of the display. In this 
case, the text is enhancing under- 
standing of the graphics image and 
not competing with it. On the other 
hand, if the graphics are being used 



O ^ 1985 BY Kl>SKV lKHSCIKNCiC PUHLISHING CO., INC. 

ERIC — 



07 12 :^23:$ /«r>/$().(K) ♦ 2.20 



roMrirrKiis \k likksciknck kih C/VI'ion. vo i.i mk i>. m mmkh <>. u M-fpisT 

» 



to enhance the understanding of the 
text, the text should appear on the 
left side of the display and the 
graphics on the right. These are not 
hard and fast rules, but they do 
reinforce the idea that placement of 
graphics should be considered in 
CAI design. Most modem authoring 
languages and authoring systems 
now include "windowing" capabili- 
ties to make it easy for a developer 
to experiment with placement of 
graphics and text. 

SELECTION OF APPROPRIATE 
GRAPHICS 

Selection of the appropriate graph- 
ics image is important, too. Again, 
depending on the purpose of the 
lesson and the roie the graphic is 
playing, the type selected will fol- 
low. For example, a computer-gener- 
ated diagra»n may be preferred in 
some situations because the amount 
of information displayed can be con- 
trolled to limit the amount of com- 
peting information to the learner. 
That is, it may be more important 
to have a clear graphics image of the 
essence of the structure of the spleen 
than to have a real video image from 
an operation where there may be 
considerable information that could 
distract the student from the main 
purpose of the lesson. On the other 
hand, there may be situations where 
real-life video images from interac- 
tive videodisc are the best option. 
This may happen in simulations re- 
quiring students to make dec'sions 
about patients based on information 
they have gathered through testing 
and observation. In any case, the 
selection of graphics is based on 
whether or not any particular 
graphics image will enhance the 
learning experience of the student 
and is appropriate for the situation. 
It is not a question of whether to 
use videodisc images or computer- 
generated graphics images but rather 
a question of the most appropriate 
use of graphics to enhance learning. 

THE USE OF COLOR 

Probably one of the most misused 



properties of graphics is that of color. 
The use of color should enhance the 
information transferred by the 
graphics. It should not compete with 
the intended message to the learner. 
Color should be used to assist in 
discriminating between contents in 
the graphics image. Too much color, 
intended to make something pretty, 
may actually distract the student. 
One should try to limit the use of 
color to no more than four or five 
colors at any one time. One should 
also be aware of those color com- 
binations that are difficult for a 
leamer to watch for any extended 
period of time. These include green 
and red, red and black, green and 
magenta, and brown and any other 
color. 

Certain colors, such as red, are 
such powerful flags" for students 
that they should be used sparingly. 
Bright colors can be used to draw 
attention to specific parts of graph- 
ics or text, but they should be used 
on a limited basis to ensure maxi- 
mum impact within any given les- 
son. Flashing or altering a display 
color back and forth should be 
avoided, except in very important 
and limited circumstances. Flashing 
may be considered an intrusion into 
most learning environments, as it 
will divert virtually any student s 
attention. 

The requirement for clear and 
accurate display of color may also 
dictate the kind of graphics image 
and media selected. For instance, 
the study of hematology may be 
greatly influenced by the need for 
such images, thereby influencing the 
designer to use interactive videodisc. 

USE OF MOTION 
AND ANIMATION 

Any aspect of motion or animation 
on the screen is a powerful flag to 
the leamer and should be used spar- 
ingly. It has the same effect as flash- 
ing, in that the majority of the 
student's attention will be directed 
to the movement on the screen. The 
design of the CAI lesson should be 



considered whenever animaticin is 
being used. All situations involving 
motion or animation should he 
selected purposefully to enhance a 
particular segment of the lesson. 
This enhancement can be used to 
assist the student in drawing atten- 
tion to a specific aspect of the screen 
display, understanding the essence 
of a concept through observation of 
specific motion (such as blood flow 
through an organ), or understanding 
a procass over an extended or short- 
ened time period (as in simulations 
of pr^';esses that happen either toe 
slowly or too quickly to observe). 

CONCLUSION 

In conclusion, it is imperative that 
we not take a bandwagon approach 
to using various forms of graphics in 
instruction. The issue is not simply 
that one graphics approach is better 
or on a higher level than another. 
What is important is that we con- 
sider using a specific form of graph- 
ics only when it enhances our stu 
dents* understanding. We need to 
constantly remind ourselves where 
instructional design fits into devel- 
opment of computer-assisted in- 
struction. 

Additional information on in- 
structional design and the use of 
graphics can be found in the follow- 
ing references: 

Ak»sandrini K: Business graphics for 
infonnation management. Knglewood 
Cliffs, NJ: Prentice- Hall, in press. 

Burke IlL: The CAI sourcebook. Kn- 
giewood ClifTs, NJ: Prentice- Hall, 
1982. 

Heines JM: Screen design strategies for 
computer-assisted instruction. Bed- 
ford, MA: Digital Press, 1984. 

Hudson K: Introducing CAL: a practi- 
cal guide to writing computer-assisted 
learning programs. New York, NY: 
Chapman and Hill, 1984. 

Walker 1)F, Hess Hi): In.struciional 
software: principles and perspectives 
for design and use. Belmont, CA: 
Wad.sworth Publishing Co, 1984. 
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Locating existing instnictional 
materials that address specific learn- 
ing objectives is never an easy task. 
Additional complications arise when 
these materials are presented via 
"new** technologies such as com- 
puters or videodisc players. Some of 
the difficulties are as follows: 

• few vendors of interactive materi- 
als ("courseware**) have taken a 
curriculum approach to instruc- 
tional development or product 
packaging; 

• there are no standardized hard- 
ware configurations for delivery of 
instruction; 

• courseware marketing channels are 
not yet well-established, making it 
difficult to locate products avail- 
able for purchase; 

• many products are the result of 
research grants or have been devel- 
oped for proprietary use (develop- 
ers of these products may not have 
fully examined possibilities 'or 
outside marketing). 

LOCATING COURSEWARE 
A beginning step in addressing these 
issues was taken by the Medical/ 
Health Sciences Committee of the 
Division of Instructional Design, As- 
sociation for Educational Communi- 
cations and Technology (AECT). 



Members of this committee con- 
ducted a survey of vendors of medi- 
cal and health science courseware. 
This article describes the survey 
results and future steps to be taken. 
It is followed by a list of vendors 
who responded as well as product 
information. 
The survey was intended to 

1) identify vendors currently 
distributing these materials; and 

2) gather information about pro- 
ducts available from each vendor. 

Detailed hardware configuration 
information was not included in the 
survey. Given the current diversity 
of hardware, hardware selection is 
best driven by courseware availabil- 
ity. When courseware acquisition is 
limited to off-the-shelf products, it 
is necessary to first identify ap- 
propriate courseware, then de- 
termine the hardware required. We 
asked vendors to indicate whether 
their products required mainframe 
computers, micros, videodisc or 
tape players, or combinations 
of these. 



RESULTS 

Of the 98 organizations tentatively 
identified as medical courseware 
vendors, 43 resi)onded. Of these, all 
but seven are currently involved in 
marketing medical couiseware. Two 



ERIC 



a742«3233/85/$0.00 + 2.20 



114. 



g> 1985 BY ELSEVIEKSCIENCE PUBLISHING CO., INC. 



COMPirrK.ltS IN I.IFKSCIKNCK KDl 'CATION. VOU'MK I, Nl'MBKK 7. JULY \<m 



of the seven exceptions indicated 
that they may be marketing materi- 
als in the near future. 

A total of 675 programs was iden- 
tified. Approximately 450 of these 
are part of the PLATO Health Sci- 
ence Network at the University of 
Illinois College of Medicine; a cata- 
log of these PLATO lessons is avail- 
able from the College at a cost of 
$10. The University of Illinois les- 
sons are not detailed in the list of 
nr.aterials that follows. 

The hardware configuration indi- 
cated by most vendors was micro- 
computer only. However, the large 
number of programs in the Univer- 
sity of Illinois* PLATO library made 
the mainframe-only configuration 
the most common Configuration 
figures excluding the PLATO pro- 
grams are listed below: 



Configuration 



Total 



Mainframe 1 

Micro 177 

Videodisc 22 

Mainframe & Videotape /disc 1 

Micro & Videotape/disc 29 

Other 0 

Vendors were asked to indicate all 
applicable target audiences for their 
products. A summary of this infoi- 



mation follows: 


Audience 


Total 


• • 

Physicians 


106 


Nurses 


183 


Hospital Employees 


39 


Dentists 


15 


Allied Health 


99 


Public Health 


30 


PatJents 


22 


Preventive Medicine 


31 


Other 


52 



Specific target audience classifica- 
tions were not provided by the Col- 
lege of American Pathologists or by 
the University of Illinois College of 
Medicine; the above totals do not 
include programs available from 
these organizations. "Other" target 
audiences listed by vendors include 
paramedics, EMTs, instructors, 
veterinarians, lab personnel, physi- 
ology students, social workers, and 
psychologists. 

NEXT STEPS 

In recent months, several profes- 
sional organizations have estab- 
liphed member services on existing 
telecommunications networks such 
as GTE Telenet and Compuserve, 
Two such organizations are AECT 
and Association for the Develop- 
ment of Computer-Assisted Instruc- 
tional Systems (ADCIS). 



These networks appear to be an 
excellent means of both maintaining 
the survey information as a data- 
base and making it available to in- 
terested parties. Discussions are 
under way to establish the medical 
courseware database as a subset of 
a larger courseware database on 
ADCIS-Net, in addition to making 
it available on AECTs system. 

This information would be avail- 
able to anyone subscribing to these 
telecomiTiunication systems. The 
database will be vendor-updated, 
with mechanisms for adding more 
vendors as they are identified and 
reminding vendors to update their 
materials regularly. 

This project is driven by the en- 
thusiasm and support of tho.se who 
might benefit from it. Comments, 
suggestions, and offers of assistance 
are welcome. If you would like to be 
included on a mailing list for infor- 
mation about further developments, 
please send a written request to 
Beth Johnson (The Center for 
Health Studies, Hospital Corpora- 
tion of America, One Park Plaza, PO 
Box 550, Nashville, TN 37202). 

Th'* author wishes to thank Dr. Craig 
i/ocatis. Training Branch, NMAC/National 
Institutes of Fleaith for his assLstance in this 
project. 
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Vendor 



Software 



F)quipment 



ACADEMIC HALLMARKS. INC. 
Box 998 

Durango, CO 81301 
.303.247-8738 
Contact: R. W.Sauer 

ACTRONICS, INC. 
810 River Ave. 
Pittsburgh, PA 15212 
412-231-6200 
Contact: Lisa Cooper Jensen 

ADDISON- WESLEY PUBLISHING 
COMPANY, INC. 
Medical/Nursing Division 
2725 Sand Hill Road 
Menlo Park, OA 94025 
415-854-0300 
Contact: Elaine Henderson 



Biology ^1 
Ps.vcholo|^.v 
Health 



Full BUS(BfLSic Life Support) 
Dysrhythmia lU'Cognition 



Gas man 



5= 

5 
2 



T3 
> 



Audience 



1 



2 



1 t 
< 
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Vendor 


Software 


Equipment 


Audience 






E 
1 


Micro 


Video 


5 


Medical 


1 


Allied 
health 


Public 
health 


Other 


ALBERTA EDUCATIONAL 
COMMUN ICATIONS CORP. 
Instructional Technology Unit 
16930114 Ave. 
Edmonton. Alberta T5M 3S2 
403-452-7272 
Contact: Linda Hannon 


llrinflrv f^ftthptpnvfltinn 






• 




• 


# 


• 






ANDENT, INC. 
1000 N. Ave. 
Waukeegan, IL 60085 
312-223-5077 
Contact: S.Nye 


Education Disk 
Encephalon 
Professional Disk 
Fit and Trim 
Rer.ponse Time 




: 






• 


• 


: 


: 


: 


C.M.E., INC. 
P.O. Box 85655 
Seattle. WA 98145 
206-524-0298 

Contact: Steve Gould 


Ix>wer Abdominal i'ain 

in a Young Girl 
Fatigue and Fever m a ."^8 

Year Old Man 
Dysuria in a Young Woman 
A Case of Acute Bloody 

Diarrhea 
Respiratory Infection/ 

62 Year Old Woman 
High Fever in a 7 Month 

Old Child 
Abdominal Cramping at 

29 Weeks Gestation 
A Cardio- Pulmonary life 

Support Simulation 
Recurrent Otitis Media in 

17 Month OM ThiM 
A Painful Foot in a 42 Year 

Old Male 
Diarrhea and Vomiting in an 

Infant 
Chest Pain in a .30 Year 

Old Man 




• 
• 






• 


• 








COLLEGE OF AMERICAN 
PATHOLOGISTS 
Software Exchange library 
7400 Skokie Blvd. 
Skokie. I L 60077 
312-677-3500 


Microcomputer Software 

Exchange Program 
Computer Assisted Workload 

Recording Program 
SNOMED Software 
TDM (Therapeutic Drug 

Monitoring) 
GAS Today 




















COMPress. DIVISION 
OFWADSWORTH. INC. 
P.O. Bo:; 102 
Wentworth, NH 03282 
603-764-5831 
Contact: Thomas L. Sears 


OrPflnir f^hpmiQ* rv 1 —ft 

V/ 1 g CU lie 1 1 CI lUo Ijr AC/ 

Introduction to General 

Chemistry 1-9 
Molecule Animator 
CODON 

Organic Qualitative Analysis 
Nucleic Acid Connection 


















• 


COMMAND APPLIED 
TECHNOLOGY. INC. 
P.O. Box 511 
West 400 Main St. 
Pullman. WA 99163 
509-334-6145 
Contact: Dr. Dave Barbee 


l^lated Heart I>aboratory 




• 






• 


• 


• 




• 
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Vendor 


Soitware 


Equipment 


Audience 




























c 
*3 


o 

b 
*^ 


ideo 


ther 


o 


3 


Hied 
healt 


|| 


u 










> 


O 




2 


< 


a. 


o 


CONCEPTS UNLIMITKD 


rost'Op Care Simulation 




# 
















692 S. 450 E. 


Mr. Jay (Exercise 




















Orem, UT 84058 


in Charting) 




• 
















801.225-8126 


Mr. Foley (ExercLse 




















VyOntact. bandra Magnum 


in Charting) 




• 








• 








DACIS SOFTWARE 












• 




• 




• 


250 S. 3rd St. 


Interactive I^essons PIIX)T 














• 






Philadelphia, PA 19106 


CAbl I reatnient Simulations 




• 






• 




• 






215-596.9444 






















Contact: William Schwartz 






















lJU rUN 1 HhALlHCAKh 


Cardiac Dysrhythmias 








• 


• 


• 








LEARNING SYSTEMS 


Artenal nlood Oases 








• 


• 


• 








Biomedical Products/P24.1234 


Simulation of C02 Respiration 








• 


• 


• 








Wilmington, DE 19898 


Drug Administration 




















302.992-4166 


Ready Reference 








• 


• 


• 








Contact: Thomas M. Jenkins 


Cardiac Tamponade 






















Case Study 








• 


• 


• 








EDUCATIONAL SOFTWARE, INC. 


Care of Pediatric Client with 




















ifu/ 1 ivietcaii 5*ouz 


Head Injury 




• 








• 


• 


• 




Overland Par.c, KS 66212 


Cfire of the Patient with 




















913.888.7030 


Diabetes Mellitus 




# 








• 


• 


# 




Contact: Edith M. h*amilton 


Medical Ttmunology 






















r^nmnpfpnpv TpQtc 














• 








Dosage Calculation 






















Proficiency Test 




• 








• 


• 






HESH I COMPUTING 


Infection Control 




• 








• 


• 




• 


P.O. Drawer M 


Healthy IJving 




• 








• 


• 




• 


Hitchcock, TX 77563 


Health- Illness Continuum 




• 








• 


• 




• 


409.986.5775 


rooci & iNuiniion 














• 


• • 


Contact: Helen Ptak 


Test Construction 




• 








• 


• 




• 


HEALTH KDUTECH INC 


Minnesota Right to Know 




















Onp pQmmniint Plf)7fl 

V^IIC 1 ^UCUIiUUIIV t l£t£>Cl 


for Health Care 








V 








• 


• 


7801 Buiih I^ke Rd Suite 135 


Hospital Orientation 












• 


# 




• 


Minneapolis, MN 55435 






















612.831.0445 






















Contact: Rosemsiry Murphy* Nelson 






















HEALTH SCIENCES 


Pediatric Pulmonary 




















CONSORTIUM 


Problems 


















• 


103 Laurel Ave. 


Pediatric Cardiac Problems 


















• 


Carrboro, NC 27510 


Adult Problems in Dyspnea 


















• 


919.942.8731 


Common Family Practice 




















Contact: Chris Hemdl 


Problems 


















• 


J.B. LIPPINCOTTCO. 


Nursing Skills Simulations 












• 








E. Washington Square 


Calculate with Cfire 












• 








Philadelphia, PA 19105 


Introduction to Nursing 




















215.238.4440 


Diagnasis 












• 








Contact: Jeanne A. Hallahan 


NEMAS (Nursing Ed 






















Module Authoring System) 












• 
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Vendor 


Software 




F)quipment 




Audience 






Mainframe 


Micro 


Video 


Other 


Medical 


c 

'S 

3 

z 


Allied 
health 


Public 
health 


Other 


MbUIUAL oUr 1 WAIxtl/ 


blood Uas Consultant 










• 


• 






• 




I^diography Consultant 




• 






• 




• 






4U1 v^aKwooa 


Drug Master 










V 


• 








enterprise, AL obiioU 


"Consumer" Drug Watcher 






















Procedure Itegistry 










w 


• 








Contact: Braxton H. DeGarmo 






















MEDICUS INTERCON 


Urinary Tract Infections: 




















INTERNATIONAL 


Prev & Control 






• 


• 


• 


• 


• 




• 


909 3rd Ave, 


Methods to Investigate 




















i^ew York, NY 10022 


Hosp, Epidemics 






• 




• 


• 


• 






212'OZO'07oO 


Potential Uses of Calcium 




















Contact: Kathy Emmans 


Channel Blockers 
The Hidden I>anguage 
of Arthritis 






• 
• 


• 


• 
• 










MEDI-SIM 


Shock 




: 
















P.O. Box 13267 


The Nursing Process 




















660 S. 4th St. 


Pediatric C-V Surgical Patient 




















Edwardsville, KS 66113 


Patient with Myocardial 




















913'441-2881 


Infarction 




















Contact: Susan Matney 


Developmental Concepts 
Nutrition Assessment 
of Pregnant Woman 
Asepsis 

Computer literacy for Nurses 
Neurological Nursing: 

The Assessment 
Admission of Full Term 

Infant to Nursery 
Client with Cirrhosis 

of the IJver 
Drug Dosage Calculations 

& Administration 
Communicab^i Diseases 

in Children 
Dietary Intervention/ 

Control of Hypertension 
Ventilator Weaning 
Pediatric Asthmatic 
COPO 
CPI^ 

Bum Patient 
Myasthenia Gravis 
Drug Overdose 
Premature Neonate 
Chest Trauma 
Past -operative Pneumonia 
Status Asthmaticus 
Croup 

Cystic Fibrosis 
Automobile Accident 
Near Drowning 
Aspiration Pneumonitis 
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Vendor 


f oft ware 




Equipment 




Audience 






c 








Medical 






jz 








Mainfr 


Micro 


Video 


Other 


Nursing 


Allied 
healt 


Public 
healt 


Other 




Pulmonary Embolism 




• 








• 


• 








Pulmonary Function 'I 'est in g 




• 








• 


• 








Pulmonary Edema 




• 








• 


• 








ARDS 




• 








• 


• 








Head Trauma 




• 








• 


• 








Acute Epiglottitis 




• 








• 


• 








Flail Chest 












• 










Ventilator Management 












• 










Ventilator Commitment 




• 








• 


• 








Meconium Aspiration 




• 








• 


• 








Oxygen Therapy 




• 








• 


• 








Blood Gas Interpretations 




• 








• 


• 








Aerosol Therapy 












• 


• 








Humidity 












• 










Respiratory Anatomy 




I 








• 










Chest Physiotherapy 












• 










Pharmacology 




• 








• 


• 








Pulmonary Function 




• 








• 


• 








Assessment of the Thorax I 




• 








• 










Chest Trauma Assessment 












• 








MEPC SOFTWARE 


Medical-Surgical Nursing 




















Medical Bxam. Publishing Co. 


Simulations 












• 








3003 New Hyde Park Ud. 


Maternity Nursing 




















New Hyde Park, NY 10042 


Simulations 












• 








516-328-6200 


Psychiatric Nursing 




















Contact: Maizie JafTe 


Simulations 
Pediatric Nursing Simulations 




: 








• 
• 








MILES PHARMACEUTICAI^ 


Intro, to The Miles 




















400 Morgan Ln. 


I^eaming Ctr 






• 




• 


• 








West Haven, CT 06516 


Ileocolic Resection for 




















203-934-9221 


Recurrent Chron's 












• 








Contact: William Isbell 


Emergency Appendectomy/ 

Acute Appendicitis 
Trauma Training 

Materials -I 
Trauma Training 

Materials -II 
Profile of MH:ZLIN 
Medical Applications 

Videodisc: Hematology 
Bacteremia: Diagnosis 

& Prevention 
Preventing & Managing 

Infection 
Surgical Infections: 

Assessment of Risk 
Surgical Wound Infections: 

Data Collection, Feedback 






• 
• 

• 




• 
• 

• 


• 

• 

• 
• 

• 

• 

• 

• 

• 








HAROLD MODELL 


Simulations in Respiratory 




















Virginia Mason Research Center 


Physiology 


• 


• 








• 


• 






1000 Seneca St. 






















Seattle, WA 98101 






















206-223-6388 
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Vendor 



Software 



Kquipnieiit 



N-SQUAIIKD COMPUTING 
5318 Forest Ilidge Iload 
Silverton,OH97:)8l 
503.873.5906 
Contact:- I^urie North 

PROGRAMMING 
TKCHNOmOY CORK 
7 San Mfrcos Place 
San Rafael, CA 94901 
415-485-5601 
Contact: Craig Pagelow 

PSYCHOLOGICAL PSOPPWARK 

CORPORATION 

4757 Sun Valley Road 

Del Mar, CA 92014 

619-481.4182 

Contact: Dr. Patrick Nidorf 



Internist 
Nutritionist 
Nutritionist II 
Physician's Data 
Base Manager 

Health aide 

H eal t h aide An al vsis 



JAMKS RANDALL 
60<) South Jordan Ave. 
Bloomington, IN 47401 
812-335-1574 



T.J. DKSIGNS 
5905 Iron wood 

Rancho Palas Verdes, CA 90274 
213-598-1423 

Contact: JaneTinipke 

UNIVKRSITY OF ILLINOIS 
College of Medicine, Urban a-Chaniptugn 
Medical Computing Lab 
1408 West University Avenue 
Urbana, IL 61801 
217-333-2284 

Contact: Sherry Walker-IJnares 

UNIVKRSITY OF MINNESOTA 
MKDIA 

Box 742 Mayo Building 
420 Delaware St. S.B. 
Minneapolis, MN 55455 
612-376-8340 
Contact: Susan Newman 



Personality Profile 
Stress Management 
Assertiveness 'I'raining 
Never Fat Again 
The Dream Machine 
Intimacy, the Art of 

Coniinumcation 
The Puppet 
On Becoming a Hero 
Will Somebody Please 

Ix)ve This Cat 

Human— A Comprehensive 

Physiological Model 
Basic Klectrophysiology 
Basic Cardiovascular 
Pharmacokinetics 

Calculation of Drug Dosages 
CPR Certification Test 
CPR Recertification Test 



Catalog of approximately 450 
medical lessons m PLATO 
Health Sciences Network 
IS available for SI 0 



Health Risk Appraisal 
Ketoa (Diabetic Ketoacidosis) 
Sugar (Hyperglycemia 
and Hypoglycemia) 
Chest Suction 
Nasogastric Suction 
I.V.-I 
LV.-II 



Audience 



Mainframe 

_ .j 


Micro 


Video 


La 

a 

•5 


Medical 


Nursing 


Allied 
health 


Pubhc 
health 


Other 




• 






• 


• 


• 


• 


• 




• 






• 


• 


• 


• 


• 




• 


















• 






• 






• 


• 




• 






• 




• 


• 


• 




• 






• 


• 


• 


• 


• 




• 














# 




• 


















• 






I 












• 














• 




• 


















• 






• 








• 




• 


















• 


















• 


















• 






• 












• 






• 












• 

e 






• 
• 












• 


















• 






• 


• 


• 




• 




• 






• 


• 


• 


• 
























• 






• 


• 




• 


• 




• 








• 










• 








• 










• 








• 










• 








• 










• 








• 










• 








• 
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Vendor 


Software 


F>quipment 




Auchenci' 






E 






















u 
C 




8 


u 


(J 


S 

3: 












Mai 


ii 


-a 
> 


X 

o 


1 


y. 


< 




6 


univf:iisity ok Missouri/ 


■" "■" ■ " 

Basic Scienct« 


















I 


KG SCHOOL OF MKDICINK 


Clinical Sciences 




I 






I 










UMKC Software 


A',ohol Abuse & Alcoholism 




• 






• 








• 


Z411 Holmes 


Hiostatistics & Epidemiology 




• 






• 


• 


• 




• 


rvansas uiiy, mu o41Uo 


Family Medicine 




• 






• 








• 


olD-4/4»41UU 


Study Practices Inventory 




• 














• 


Contact: Lee Willoughby 


Hypeucr:««on 




• 






• 








• 




Diabetes Melhtus 






















Cardiovascular Disease 




















t JNIVRRSITY OF WFS7' FirjIilDA 


Court Testimony & 




















Office for Interactive TTechnologv 


Documentation of Child 




















0£ 1 1 cul 1 11 1^ 


Abuse & Neglect 










• 


• 






• 
























904.474.2377 






















Contact: Patncia Lynett 






















UNIVERSITY PARK PRKSS 


Trauma Care Kvaiuation 




















300 N Charlp<; St 


Emergency Dept. 










• 


• 






• 


Baitimnre MD 21201 


Trauma Care Kvaiuation: 




















30l.S47-07flO 


Intensive Care Unit 




















Contact: VinceSpittal 


Trauma Patient Assessment 






• 




• 








• 


WILLIAMS AND WILKINS/ 


Assessment: Neuromotor 




















WAVERLY PRRSS 


Dysfunction in Infpjits 










• 




• 




• 


428 E. Preston St. 


CPfi by Computer 




• 






• 


• 


• 




• 


Baltimore, MD 21202 






















301-528.4096 






















Contact: L. Ellison 






















WINTHROP.BRKON 


Critical Care Management 





















LABORATORIES 


of the Failing Heart 








• 


• 


• 








90 Park Ave. 


Understanding Contrast 




















New York, NY 10016 


Media: Nonionic Agents 








• 


• 


• 








212-907.2720 


Kndometriosis& Fibrocystic 




















Contact: Paul J. Drake 


Breast 








• 


• 


• 
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WHICH ASPECTS OF SOFTWARE 
ARE COPYRIGHTABLE? 



Patrick C. Boyden 

Kent State University, Kent, Ohio 



The copyright law of 1976^ is the 
first full revision of the law since 
1909, and several changes affect 
computer software directly. First of 
all, computer programs, which are 
considered to be "literary works" 
(Sec. 101), are now covered by 
copyright. Secondly, it is no longer 
necessary to register a work in order 
to hold copyright in it. Copyright 
exists from the moment a work of 
original authorship is fixed in some 
tangible form of expression (Sec. 
102[a]). And lastly, the traditional 
concept of "fair use" was written 
into the law (Se,-. 107). 

The law is divided into eight 
chapters, but chapter one, regarding 
the subject matter and scope of 
copyright, is the most likely bat- 



tleground for basic legal conflicts. 
All references to "Section" or "Sec." 
in this article refer to the copyrij^ht 
law of 197o. 

Chapter one contains the follow- 
ing information: a) definitions, b) 
what is copyrightable and what is 
not, c) what the copyright holder's 
exclusive rights are, and d) what the 
user's rights are, ie, the limitations 
on the exclusive rights. 

The definitions are most im- 
portant to an understanding of the 
law. Simple terms can be far more 
inclusive or less inclusive than one 
would suppose. For example, the 
term "perfom" includes showing a 
movie or a set of overhead trans- 
parencies and can include the run- 
ning of a computer program. A copy 
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of a computer program is a "copy," 
but a copy of a sound recording is a 
"pi -*^orecord." 

^ ion 102(a) of the law tells 
us nich categories of works are 
copyrightable. First among the cate- 
gories is "literary works** which in- 
cludes computer software. Part (b) 
of this section adds the foUowir. 
"In no case does copyright protec 
tion for an original work of author- 
ship extend to any idea, procedure, 
process, system, method of oper- 
ation, concept, principle, or dis- 
covery, regardless of the form in 
which it is described, explained, il- 
lustrated or embodied in such a 
work/* 

The items enumerated in part 
(b) above are not meant to be left 
without some form of protection 
however, since other means, such as 
patent or trade secret, would be a 
possibility in many cases. Rather, 
the purpose here is to make a clear 
distinction between "expression,** 
which is copyrightable, and the items 
in part (b) which are not. This is 
*^.tated again in Circular R61,^ 
Copyright Registration for Com- 
puter Programs, from the Copyright 
Office: "Copyright protection ex- 
tends to the literary or textual ex- 
pression contained in the computer 
program. Copyright protection is not 
available for ideas, program logic, 
algorithms, systems, methods, con- 
cepts, or layouts.** 

RIGHTS OF AUTHORS 

All parts of the law must operate 
around Section 106. This section 
states succinctly the five rights en- 
joyed by the copyright holder. These 
are exclusive rights according to Sec- 
tion 106 and therefore reserve all 
uses except those expressly allowed 
elsewhere in the law. These rights 
are the following: to copy, to make 
derivative works, to distribute 
copies, to perform the work publicly, 
and to display the work publicly. 

This section of the law must al- 
ways be read in the context of the 
definitions of Section 101 on the one 



hand and the sections limiting the 
exclusive rights on the other. One 
very important point in regard to 
the copyright holder*s rights is that 
these five rights can be sold, leased, 
etc, separately. 

RIGHTS OF USERS 

Section 107 begins the series of sec- 
tions enumerating user rights. Only 
two of these sections warrant men- 
tion here. Section 107, Fair Use, lists 
four criteria that must be among 
those criteria considered when de- 
ciding what is fair. This section gives 
little aid in interpreting the criteria, 
however. 

Section 117 is also brief but fairly 
clear. It says that the owner of a 
copy of a computer program may 
make another copy (load the pro- 
gram into the computer) as a neces- 
sary step in using the program. This 
copying is not illegal, nor is it illegal 
to make an adaptation of a program 
you own in order to make the pro- 
gram run on your machine. In ad- 
dition, an archival copy may be 
made, as in the case of a program on 
disk that could be easily damaged. 

Section 117 notes that if you 
transfer ownership of your copy of 
the program, any legitimate copies 
you made must be transferred also 
or destroyed. An adaptation must 
also be destroyed unless you 
received authorization from the 
copyright holder to transfer owner- 
ship of the adaptation also. 

COMPUTER SOFTWARE 
COPYRIGHTABIUTY 

After the user rights of Section 117 
were secured by the revision of that 
section in 1980,^ there were still 
problems with owner*s rights. 
Lawsuits*"^'*^'*^ were brought 
against companies that were copy- 
ing certain programs and ROMs 
(Read Only Ivlemory). The defense 
offered by those doing the copying 
was based on psveral arguments in- 
tended to show that the following 
itenis are not copyrightable: a) ap- 
plications programs, b) object code, 

1?4 



c) operating systems, and d) the 
program in ROM. 

All the arguments were rejected. 
Definitions of "literary work,** 
"copies,** "systems,** and "computer 
programs'* clearly allow for copy- 
right of all the different kinds of 
programs and data banks, whether 
in source code, OL ect code, or even 
in ROM. 

COPYRIGHT REGISTRATION 
AND ADVANTAGES 
Although copyright of original works 
is now automatic, registration is not. 
Form TX,*" which is used by the 
Copyright Office for all "literary 
works,** is short and straightfor- 
ward. Registration requires only that 
one fill out the form and send it in 
along with $10 and a copy of the 
software. The form itself is printed 
on special paper, and a photocopy 
Will not be acceptable. The copy of 
the software may be on any paper, 
including a dot matrix printout on 
fanfold paper straight from the 
printer. According to Circular R61, 
the Copyright Office prefers a source 
code listing as the deposit copy (for 
long programs or data banks, the 
first and last 25 pages may be 
enough), but other formats can be 
acceptable.. 

The registration and deposit of a 
copy need not be done at the same 
time. However, if copies of the 
software are distributed with a 
copyright notice, a copy of the 
software must be sent to the 
Copyright Office within three 
months (Sec. 407). In this case, if the 
registration application is sent along, 
the one copy will serve both as 
registration copy and as deposit 
copy. 

COPYRIGHT OF MATERIALS 
CREATED BY THE SOFTWARE 
Although materials appearing on the 
display screen oftentimes exist in 
the same form in the program*s 
"print** statements, a great deal of 
the visual materials could also be 
assembled by the program from data 
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input by the user or from data stored 
within a program or file. In the 
latter cases, the "^expression" ap- 
pearing on the screen would be dif- 
ferent from the "expression" appear 
ing in the program listing and woula 
presumably not be covered by the 
copyright of the program itself. 
However, according to Williams 
Electronics v. Artic/^ if the screen 
display appears essentially the same 
each time it is re-created by the 
program, this expression would be 
sufficiently "fixed" for it to enjoy 
copyright in itself and could there- 
fore be registered separately from 
the program that creates it. Any 
text created in this manner would be 
submitted in hardcopy with reg- 
istration form TX as with the pro- 
gram itself. Graphics would use 
Form VA, and graphics simulating 
motion would use form PA. The 
deposit copy could be on videotape. 

REGISTRATION ADVANTAGES 

Copyright registration is optional, 
but it does provide advantages in 
case of infringement. First of all, an 
infringement suit can not be i^rought 
against someone until the copyright 
is registered. Secondly, registration 
before the infringement takes place 
allows you to sue for attumey^s fees 
and statutory damages even if you 
can not prove actual losses due to 
the infringement. A third advantage 
is that the certificate of registration 
is considered prima facie proof of 
the validity of the copyright. Not 
only does the certificate constitute 
the proof needed to get an injunc- 
tion against the infringer, but it also 
puts the burden of proof on the 
infringer to show that the copyright 
is not valid. 

SUMMARY 

Court cases have established the 
copyrightability of computer pro- 
grams in all their forms, and at 
present there appears to be no easier 
or less expensive means of protecting 
software than by registering the 
copyright. 



The particular problem of reveal- 
ing programmmg secrets by register- 
ing the copyright will continue to be 
a problem as long as the copyright 
records are public. Other forms of 
protection such as leasing would be 
required where the softv,are*s value 
depends on any of the aspects that 
are not covered by copyright (con- 
cepts, etc) as mentioned above. 

Lastly, there are lawyers who spe- 
cialize in copyright matters. For an 
individual to be sure that he or she 
is protecting his or her software 
adequately, legal advice is recom- 
mended. 

The full text of the copyright law, 
all the guidelines, and replicas of 
copyright registration forms can be 
found in Johnston*s Copyright 
Handbook.'' 

Free registration forms and infor- 
mation circulars can be obtained 
from the Copyright Office, Informa- 
tion and Publications Section, LM 
— 455, Library of Congress, 
Washington, DC 20559. 
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or even the Sinclair ZX81. We have, 
in our laboratory, interfaced a num- 
ber of experiments in physics, chem- 
istry, and biology to microcom- 
puters. Interfacing allows one to 
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connect a computer directly to an 
experiment and log data directly. 
The ability of a computer to graph 
the data versus time as the experi- 
ment is happening allows students 
to make the link between a physical 
phenomenon, the underlying theory, 
and its graphical representation. An 
additional advantage is that data in 
this mode from student experiments 
are more accurate than data taken 
manually. While we may want our 
students to have the experience of 
taking data and graphing it manu- 
ally, we find that freeing them from 
the mechanics of this process allows 
them to focus on the science in- 
volved and perform more experi- 
ments in the time available. 

Coiitrary ^o popular opinion, 
many of our research instruments 
are fundamentally similar in that 
they detect events with pome device 
that produces an analog voltage which 
can be converted to a digital signal 
and interfaced with a microcom- 
puter. Two very different ap- 
proaches can be taken to the com- 
puterization of ) '">ratory instru- 
ments: a microprocessor can be added 
to the instrument by the manufac- 
turer and preprogramed to perform 
a particular task; or a general purpose 
microcomputer system with an ana- 
log to digital (A/D) interface can be 
connected to a variety of different 
instruments. The software packages 
with such systems must either be 
very general in order to be adap- 
table to the multi-use function or be 
programmed by the use *. 

Any of the above five microcom- 
puters can be used to command 
most instruments. Such a microcom- 
puter system consists of a personal 
computer with its optional 
equipment as shown in Figure 1 and 
the hardware interface. For the 
Commodore PET, many instru- 
ments such as the Keithley model 
177 digital multimeter have built-in 
IEEE 488 bus interfaces and can be 
connected directly to the microcom- 
puter. We have acquired several in- 
terfacing devices that allow one to 



perform this task for three of the 
n^.her microcomputers. These in- 
clude the game port interface (Apple 
//e and Atari 800) for measuring 
temperatures and pH and software 
for performing the following experi- 
ments: cooling curve, specific heat of 
metals, molecular ma^s of a solid, 
heat of neutralization, meaning and 
measurement of pH, standardization 
of a strong base, standardization of 
HCl, equivalent and pKa of a solid 
acid, titrimetric analysis of com- 
mercial antacids, acetic content 
of vinegar, titration analysis of a 
carbonate, the voltaic cell and 
standard reduction, titration of 
halides with silver nitrate, standard 
potential of the Ag/Ag electrode, 
potentiometric redox titrations. 
Data can be analyzed and graphed 
in a variety of ways and stored on 
disk. 

Some experiments yet to be 
evaluated include the following in 
chemistry, physics, and biology: 
cooling curves, heat of solution and 
heat of reaction, reaction kinetics, 
light intensity, kinematics, light- 
energy equivalence, heart rate, reac- 
tion times, flicker fusion, evapora- 
tion, and humidity. Also included 
are eight great experiments in physi- 
ology and biofeedback including re- 
sponse time investigations, skin tem- 
perature measurements, respiration 
rate, heart ra.e, thermoregulation, 



lie detector, exercise experiments, 
and biofeedback. 

Using a heart rate sensor that 
attaches to the earlobe, a variety of 
experiments designed to explore the 
effects of variables such as exercise, 
smoking, coffee, and other stimu- 
lants on pulse rate can be per- 
formed. A heart rate zone for train- 
ing purposes can be selected, and 
the computer will trigger an audio 
and/or visual alarm if the user is 
exercising too strenuously or not 
strenuously enough. A beep with 
each pulse and a tone proportional 
to heart rate can also be selected. 

If you have the time and skill, you 
can build your own interface and 
write your own software. This is not 
the case for most teachers or small 
research laboratories. Many manu- 
facturers now supply general pur- 
pose hardware and software to solve 
the interface problem. The following 
are examples of such interfaces: 

• ISAAC data acquisition and con- 
trol system. Cyborg Corporation; 
Apple II 

• ADALAB data acquisition system. 
Interactive Microware Inc.; Apple 
II 

• EXPERIMENT INTERFACE, 
Cambridge Development Labora- 
tories, Inc.; Apple II, Atari 800, 
TRS-80 



INSTRUMENT OR 




HARDWARE 


PROCESS 




INTERFACE 



PERSONAL 
COMPUTER 

AND 
KEYBOARD 



SOFTWARE 



CRT 
DISPLAY 



DISK 
DRIVE 











PRINTER 




PLOTTER 




MODEM 


OPTIONAL EQUIPMENT 



FIGURE 1. Typical interface system. 
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• EXPERIMENTS IN CHEM- 
ISTRV, Cambridge Development 
Laboratories, Inc.; Apple II 

. ACCELERATION, Cambridge 
Development Laboratories, Inc.; 
Apple II 

• SOUND EXPERIMENTS, Cam- 
bridge Development Laboratories, 
Inc.; Apple II 

• TEMPERATURE LAB, Cam- 
bridge Development Laboratories, 
Inc.; Apple II, Commodore 64 

• EXPERIMENTS IN SCIENCE, 
Cambridge Development Labora- 
tories, Inc.; Apple II 

• EXPERIMENTS IN HUMAN 
PHYSIOLOGY, Cambridge Devel- 
opment Laboratories, Inc.; Apple 
II 

• CARDIOVASCULAR LAB, Cam- 
bridge Development Laboratories, 
Inc.; Apple II 

• NALANDATA A2 data converter, 
Nalan Computer Specialties; Com- 
modore 64 

• ATARILAB STARTER SET, 
Cambridge Development Labora- 
tories, Inc.; Atari 800 

• ATARILAB LIGHT MODULE, 
Cambridge Development Labora- 
tories, Inc.; Atari 800. 

Interfacing the computer to the 
"real world" can open vast new 
horizons for computer applications 
in teaching. The addresses of the 
hardware vendors listed above and 
some references dealing with inter- 
facing the computer foi laboratory 
applications are presented below. 

Hardware Vendors 

CAMBRIDGE DI^VHLOPMKNT 
LABORATORIES INC. 
1696 Massachusetts Avenue 
Cambridge, MA 02138 

CYBORG CORPORATION 
2 North Riverside Plaza 
Chicago, I L 60606 

INTERACTIVE MICROWARE INC. 
P.O. Box 139, Dept. 10 
State College, PA 16804-0139 



NALAN COMPUTER SPECIALTIES 
106 Highland Park Lane 
Boone, NC 28607 
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There are many ways in wh'ch com- 
puters are used in the education 
process. We will not include within 
the term computer-assisted instruc- 
tion (CAI) rircumstances in which 
the computer itself is the topic of 
study (ie, computer science and some 
aspects of digital electronics), or in 
which the topic is logically conse- 
quent upon the use of computers (ie, 
much of numerical analysis). The 
use of computers in life science edu- 
cation is conceptually quite different 
from these applications in that there 
is no logical connection between the 
computer and the life science sub- 
ject being taught. Whereas the stu- 
dent studying digital electronics or 
the fast Fourier transform may have 
no option but to use a computer, the 
l!fe-3cience student studying enzyme 
kinetics will use CAI only if it is a 
cost-effective way of studying. Good 
CAI will orl> be available for stu- 
dents in the life sciences if producing 
thevse lessons is an effective way for 
teaching staff to spend time. 
Questions relating to whether CAI 
works" in the life sciences or how 
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best to install and expand it obvi- 
ously depend on the educational 
aims that CAI is required to meet. 
The specification of the^e aims is 
not as daunting as might first ap- 
pear, however; it is, for instance, not 
necessary to document the overall 
aims of a four-year nursing course 
before designing a CAI lesson on 
identifying cocci and bacilli. It is 
only necessary to define the objec- 
tives of the particular lesson. By 
way of example, the objectives might 
be purely factual: to have the stu- 
dent master colony characteristics, 
morphology, staining, and bio- 
chemical tests. Alternatively, the 
aim might be to give the student an 
exercise in problem solving; to give 
the student free access to the criteria 
for identification and then to have 
the student identify an unknown." 
In the second context memoriza- 
tion of facts might be considered 
irrelevant. Two CAI lessons might 
both address the identification of 
bacteria, but use quite different 
strategies to achieve their own 
aims. Each would be a failure when 
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judged against the aims of the 
other. 

In defining CAI strategies most 
likely to succeed, it helpo to consider 
five separate variables. Some combi- 
nations of these represent strategies 
that are bound, almost by definition, 
to fail. Others are clearly likely to 
succeed. The variables are the type 
of program, the type of presenta- 
tion, the subject, the educational 
aims, and the student population. 
There is a tendency, when thinking 
about CAI, to have in mind one 
particular combination of factors 
representing the way it is used for 
some single subject in one's own 
institution. Even a limited tour of 
CAI facilities reveals a broad range 
of contexts in which CAI is used. 
This confusing array of possibilities 
often becomes more manageable 
when viewed as a combination of 
these five variables. 

THE TYPE OF LESSON 

CAI lessons are commonly, and con- 
veniently, divided into three broad 
categories: tutorial, simulation, and 
multiple-choice question (MCQ). 
There is no fundamental reason why 
a lesson could not combine all three 
of the above, but for historical, phil- 
osophical, and programming reasons 
combinations are uncommon. 

Banks of MCQ questions predate 
the widespread use of CAI. Com- 
puters were then seen as a conve- 
nient means of giving students prac- 
tice at MCQs, and the computer's 
ability to do this without the stu- 
dent receiving a printed t oy was 
seen as an advantage. Experience 
has shov/n, however, that any at- 
tempt to limit access to MCQs is 
only partly successful. The end re- 
sult of any such attempt is usually 
to divide the student body into two 
populations, only one of which has 
managed to obtain a hard copy of 
the "secret" MCQs. 

MCQs are here to stay and are 
easy to transport on floppy disc and 
to present on a computer. Optimal 
strategy for those involved in CAI is 



probably to accept the inevitability 
of MCQs and then to work towards 
presenting them in a way that makes 
them more educationally sound. This 
involves giving the student suitable 
feedback on each answer; making it 
clear to the student if he is right, 
why he is right and if he is wrong, 
why he is wrong and where he can 
go to review the material. It may 
also involve telling the student why 
the question was sufficiently rele- 
vant to warrant asking it. Any MCQ 
for which these questions cannot be 
answered should probably be de- 
leted from the lesson. 

Once MCQs are provided with 
adequate feedback they begin to 
resemble the second type of lesson, 
t'-e tutorial. MCQs and tutorials are 
alike in that they deal almost exclu- 
sively with alphanumeric text and 
rarely use significant graphics. The 
tutorial is less constrained than a 
sequence of MCQs, but the underly- 
ing structure is the same. The com- 
puter asks questions of the student. 
The student answers. The answer 
determines what the computer will 
tell or ask the student next. In the 
tutorial and MCQ formats, it is the 
computer that asks the questions 
and the student who gives the 
answers. 

The role is reversed in simula- 
tions. There, the student asks the 
question, and the computer gives 
the answer. Obviously, in any given 
lesson there are rigid constraints on 
the questions that the student may 
ask. An example is a sim lation of 
enzyme kinetics in which the com- 
puter will simulate any incubation 
the stUilent specifies, within rea- 
sonable values. Thus the student 
specifies pH (2.0-12.0), temperature 
(15-60°C), initial substrate and 
enzyme concentration, the con- 
centrations of two inhibitors, and 
the duration of the incubation. The 
computer responds by giving the 
concentration of pioduct at the e id 
of the incubation. Alternatively, the 
computer might draw a plot of prod- 
uct concentration as a function of 

1?8 



time during the incubation. Because 
simulations often rely heavily upon 
graphics, and because graphics 
routines vary enomriously between 
machines (and even between periph- 
erals attached to the same machine), 
simulations have been difficult to 
transport between machines. 

Simulations are easy to use in the 
sense that the student can easily ask 
a question that the computer can 
answer. But the student can spend 
hours looking at a simulation and 
still come away with no idea of the 
precise quantitative science upon 
which the simulation was based. 

THE TYPE OF PRESENTATION 

The computer screen presents 
material either as text or as graph- 
ics, but the presentation of material 
during a lesson is not logically con- 
strained to these. Microscope slides. 
X-rays and clinical photographs are 
essential adjuncts to some types 
of lessons. It is best to avoid the 
temptation to put complex diagrams 
on the screen. Even worse is the 
temptation to have the computer 
control a multiplicity of peripherals 
(35-mm slides, tape recorders, mul- 
ticolor monitor). This sort of bells 
and whistles" approach to CAI 
might be appropriate for the young 
in order to maintain their interest. 
In tertiary education it adds to time, 
expense, and maintenance costs 
while detracting from reliability and 
is often of little educational value. 

The context in which the lesson is 
used is another significant aspect of 
presentation. We tend to think of 
CAI as a facility that students use 
independently, rather like a library, 
remote from the academic staff re- 
sponsible for the overall course. Our 
experiancp recently has been that 
students o^en respond best when a 
group of them tackle a problem in 
the presence of a tutor. 

THE TYPE OF SUBJECT 

Academics involved in the teaching 
of a single subject may occasionally 
lose sight of the enormous difference 
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in the demands that various sub- 
jects make on students. Gross anat- 
omy requires factual recall and 
three-dimensional visualization; 
histology is largely pattern recogni- 
tion; membrane electrophysiology 
requires a conceptual grasp of the 
physics underlying the Goldman 
equation. Clearly the best type of 
program depends on the type of 
subject being taught, and some sub- 
jects do not currently lend them- 
selves to CAI at ail. Much of gross 
anatomy is best left to the dissection 
room, but the root values of the 
nerves of the lumbar plexus can be 
revie'ved as well on MCQs as any 
other way. On tne other hand, the 
thermal agitation of ions in an elec- 
trostatic field can be modeled on a 
simulation and the student asked to 
make precise calculations in a ' tu- 
torial* program. MCQs are adequate 
to assess factual recall; tutorials and 
simulations are better suited to con- 
ceptually difficult material. The pre- 
cise choice of presentation is often 
one of the educational philosophy. 



EDUCATIONAL 

AIMS AND PHILOSOPHY 

Education means different things to 
different people. It is sufficient for 
the present to mention three phrases 
that call to mind three different 
educational strategies: rote learning, 
discovery learning, and problem 
solving. It is not the purpose here to 
applaud or condemn these, but it is 
necessary to have a superficial 
acquaintance with the concepts if 
there is to be any meaningful discus- 
sion about the relative merits of 
different CAI strategies. 

If you lecture on Ohm's law and 
present to the class the equation 
/ = E/R, requiring them to mem- 



orize it, then that is rote learning. 

If you give them current sources, 
voltage sources, and resistors and a 
multimeter (suitably protected!) and 
aj=k for the relationship /elating the 
current through a resistor to the 
voltage developed across it, that is 
discovery learning. In both cases the 
aim is that the student learn Ohm's 
law. The first method is quicker, but 
discovery learning may lead to a 
better understanding or leave them 
less likely to forget. 

Problem solving is like discovery 
learning, but the emphasis is not so 
much on the problem to be solved, 
or on remembering the solution once 
arrived at, but on developing vidthin 
the student the undifferentiated 
ability to solve problems in general. 
It is generally a very slow process. 

Using CAI, simulations can be 
very useful if the educational aims 
center on problem solving or dis- 
covery learning, but they are less 
useful for rote learning. For the 
learning and understanding of con- 
cepts where the student is not 
required to **discover" them himself, 
tutorial lessons are effective and are 
easier to write than are simulations. 



THE INTENDED AUDIENCE 

The final variable is the intended 
audience. It is an unfortunate fact of 
life that the multicolored extrava- 
ganza that catches the eye and en- 
thusiasm of itinerant deans and 
finance committees seldom teaches 
effectively. One ahnost needs a 
library of lessons to impress visitors 
and another to do useful teaching. 
Clearly the content and presenta- 
tion must be matched to the knowl- 
edge, understanding, and attention 
span of the audience. Less obvious is 
the fact that the scope of the lesson 



can be adjusted lo allow for wide 
variations in ability within the audi- 
ence. It is difficult to write tutorial 
lessons that teach junior classes 
effectively and still extend to the 
postgraduate students, unless one 
writes particular segments with 
different groups in mind. Simula- 
tions, on the other hand can be 
sufficiently realistic that they can be 
useful from introductory to post- 
graduate courses, allowing the poorer 
students to learn the basics, yet 
giving the cream of the class some- 
thing difficult to tackle. By making 
a simulation sufficiently realistic, we 
can help all members of a heteroge- 
neous class. 

Although CAI has been used suc- 
cessfully in many areas of the life 
sciences, most CAI facilities contain 
lessons that are seldom used. The 
failure of these lessons is often due 
to the wrong combination of the 
above factors. A problem posed by 
an educator wedded to the philoso- 
phy of **discovery learning,** but 
teaching a subject composed almost 
entirely of unrelated facts, wiW not 
be met enthusiastically by a student 
who knows that his final examina- 
tion will be capable of measuring 
only the extent of his rote learning. 
On the other hand, a simulated 
practical in which the student de- 
vises and conducts the experiment 
may be regarded as successful by the 
educator who regards education as 
problem solving and by a student 
who regards the efficient conduct of 
the experiment to have been the 
educational aim. On the other hand, 
if mastery of the concepts rather 
than their discovt^ry is the aim, a 
lecture followed by a CAI tutorial is 
much quicker and gives rise to a 
more uniform mastery of the sub- 
ject. 
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Computer assisted instruction (CAI) 
material takes a long time to pre- 
pare. Often that time is wasted be- 
cause it does not end in a program 
that students use. Some programs 
are brought to completion but are 
unsuccessful. Others are never con> 
pleted. Although the literature is 
replete with reports of successful 
programs, we all know that these 
are a minority. It is probably just as 
important to share our failures as it 
is to share our successes; only by 
analyzing anH sharing the causes of 
wasted effort can we save others 
from committing the same mistakes. 



While some CAI programs are 
undoubtedly bad per se, the failure 
of others is often extrinsic to the 
lesson as it exists on the floppy disk. 
If three of these extrinsic factors are 
recognized in advance, common mis- 
takes can be avoided. They are the 
academic staff who will produce and 
maintain the CAI lessons, and who 
must provide money, space, and 
technical staff to support it; the 
existing curriculum into which CAI 
must be inserted, pioducing the in- 
evitable timetable proLlsms; and the 
student body whose learning tech- 
niques have evolved around lectures 
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and books and whose study habits 
may not be optimally suited to the 
CAI environment. 

While CAI was in its infancy, 
most facilities were provided by a 
single department such as physi- 
ology or pharmacology specifically 
for its component of the overall 
curriculum. With the general accep- 
tance of CAI, more units will evolve 
either autonomously or under the 
aegis of libraries and audiovisual 
units. Such units will be particularly 
prone to failure through poor inter- 
action with academic staff or the 
existing curriculum. 

THE ACADEMIC STAFF 

For CAI to be cost-effective, it is 
only necessary for a minority of staff 
to organize some of their teaching 
around CAI. It is easy to engender 
staff enthusiasm, but it is difficult to 
maintain it. Because of this, it is 
probably a mistake to try U; whip 
up universal enthusiasm for CAI 
from the stait. If successful, such an 
attempt results in multiple CAI proj- 
ects beginning simultaneously in- 
volving many staff. The facilities to 
organize, program, and check the 
material become swamped, and all 
projects advance very slowly. En- 
thusiasm wanes before the majority 
of projects are brought to comple- 
tion, ana the CAI facility becomes a 
depressing depository for half-com- 
pleted ideas. It is far more produc- 
tive to create enthusiasm with one 
or two staff at a time, and to devote 
all the resources t( bringing their 
projects to completion q lickly. 

Although "few is better" seems to 
be the best rule with regard to the 
staff involved at any one time pro- 
ducing new material, the opposite 
holds with regard to physical facili- 
ties. There is a "threshold of com- 
mitment" in terms of facilities below 
which CAI cannot become cost 
effective. CAI will be judged success- 
ful if a majority of students com- 
plete the CAI associated with a 
course, if they perform well in that 
component, and if the course coordi- 



nator feels that CAI removed a sig- 
nificant teaching load. This will hap- 
pen only if CAI is an integral part of 
the curriculum, not an optional add- 
on. If a CAI lesson logically belongs 
at a certain point in a course, the 
whole class must complete it within 
a day or two. If an average student 
occupies the terminal for an hour, 
and there are ten "free" hours over 
the two-day period, one needs at 
least a terminal for every ten stu- 
dents. One also needs a demonstra- 
tor available to help students with 
the mechanics of using the terminal. 
It is easy to see why the tentative 
introduction of CAI using one or 
two microcomputers borrowed from 
a research laboratory is almost 
doomed to failure; the students are 
unfamiliar with the machine, the 
CAI material is a "post hoc" ad- 
dition not essential to the course, 
and there is not sufficient time for 
most students to use the lesson. 

Because a major problem with 
CAI is still the time require j to 
write new material, the various op- 
tions need to be examined carefully. 
One option is to use material from 
another institution. This saves time 
but introduces difficulties arising 
from differing curricula, educational 
philosophies, and hardware. Even if 
the lesson runs on the recipient in- 
stitution's hardware, most life scien- 
ces are changing so rapidly that 
modifications to the lesson will be 
necessary in a few years. Ultimately 
it is necessary to alter and update 
any CAI library. Early lessons writ- 
ten "in house" are often in poorly 
structured and undocumented 
BASIC and are so difficult to main- 
tain that they are discarded when 
out of date; it is usually quicker to 
rewrite than to alter such a lesson. 
Authoring systems^ '^ and drivers 
facilitate the writing of new material 
and should be widely used. 



THE EXISTING CURRICULUM 

Life sciences curricula are over- 
crowded and are under continual 
pressure to admit new material. CAI 



requires a commitment of time from 
the students; unless it is formally 
scheduled in the curriculum, few 
students will have the time or incen- 
tive to use it. It is usually ap- 
propriate for CAI to substitute for, 
not add to, components of the exist- 
ing curriculum. Curricular changes 
often need to be made well in ad- 
vance. Once documented and ap- 
p»*oved they act as a useful incentive 
for the course coordinator to carry 
the CAI project through to comple- 
tion. Experience has shown that it is 
very much easier to introduce CAI 
to a part of the curriculum that is 
currently being revamped than to a 
stable component that ah-eady runs 
smoothly and successfully. 

THE STUDENT BODY 
The students bring skills to the 
CAI laboratory that they have 
learned in classrooms, lecture-halls, 
tutorials, and libraries, where they 
make notes, flip back and forth 
through the pages of a book, and 
develop strategies for extracting the 
most useful information from a 
situation. The exercise of these skills 
in the CAI laboratory often results 
in behavior that the tutor sees as 
unexpected and counterproductive. 

Although students are known to 
spend Hours taking note« in the 
most unlikely situations, we are 
often surprised to find them tran- 
scribing text from the screen. It is 
wise to anticipate this and to allow 
students to copy from screen to 
printer at will. 

The ability of computers to 
"branch" the lesson according to 
student response is the basis on 
which CAI is held to be useful. 
There is a tendency in writing les- 
sons to assume that the student 
giving the correct answer needs no 
help and to put all the educational 
effort into parts of the program that 
will only be seen when a wrong 
answer is given. Student response to 
this is to run the program twice; 
once correctly to satisfy the ego, and 
again incorrectly to extract the 
pearls of wisdom attendant upon 
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the wrong answers. Feedback to the 
student is just as important when 
the answers are correct; particularly 
lucid expositions should be placed in 
the lesson such that all students see 
and benefit from them. 

We often fall into the trap of 
regarding a book as a "sequential" 
lesson and a CAI program as being 
better because It is "branched." But 
students never read a book sequen- 
tially from cover to cover; they go 
back and forth, checking this and 
rereading that so that the progress 
of a student through a book is every 
bit as branched as a CAI lesson. The 
essential difference is that the stu- 
dent controls the branching while 
reading a book; the author controls 
it on a CAI lesson. Not surprisingly, 
students sometimes resent the con- 
trol being taken out of their hands. 
Optimally, CAI should direct the 
student according to the author's 
wishes while always allowing V^e 
student to override that direction 
and control his own fate if he so 
desires. Not all commercially availa- 
ble software will accommodate that. 

Students perhaps rightly bring a 
little paranoia with them to the 
CAI lesson. Here is a machine, pro- 
grammed by their tutors and ex- 
aminers, on which they will make 
repeated mistakes. They prefer 
anonymity. But significant problems 
may take some hours to work 
through, and the student may wish 
to leave the computer occasionally, 
reentering the lesson where it was 



left. That requires the student to 
identify himself to be repositioned 
appropriately in the exercise on his 
return. The dilemma is resolved by 
having, in addition to the uni.-^ue 
log-in code by which each student 
identifies himself, one or two com- 
mon codes that anyone can use. 
When used, this does not guarantee 
correct positioning on reentering a 
lesson but it is an option that the 
paranoid minority appreciate. In- 
deed, the mere gesture of presenting 
the option of anonymity is usually 
sufficient to convince the class that 
we have no wish to "spy" on them. 

If teaching staff were always ap- 
proached well in advance of curricu- 
lar and time-tabling deadlines, and a 
modest conmiitment made for the 
use of CAI in the "core" studies; if 
we could mc jnt a new lesson in the 
short time that enthusiasm lasts; if 
there were an adequately supervised 
"conmion service" CAI lab with 
enough terminals to allow students 
to complete the material within a 
few days; and if we were more cog- 
nizant of students' preexisting study 
habits, then there would be far less 
effort wasted on unsuccessful CAI. 
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that the microcomputer can be a 
valuable educational resource. How- 
ever, the literature focusing on the 
use of the microcomputers in nurs- 
ing education is limited. 

The purpose of this paper is two- 
fold. First, a presentation of the 
applications and the advantages of 
using microcomputers in nursing 
education will be discussed. Next, 
the process of developing computer 
assisted instructional (CAI) pro- 
grams for microcomputers will be 
described. 

APPLICATIONS OF MICRO- 
COMPUTERS TO NURSING 
EDUCATION 

The trend toward a high-tech society 
has contributed to the use of micro- 
computers. Although this trend is 
only beginning to influence educa- 
tion, it is anticipated that the micro- 
computer will become indispensable 
to nursing and nursing education. 
For example, it is predicted that by 
1987, nurses will have pocket-sized 
microcomputers to record client in- 
formation, access nursing interven- 
tions, and enter individual nursing 
care plans. Furthermore, by 1990, 
nursing students will be using 
notebook-sized microcomputers with 
entire courses available twenty-four 
hours a day.'' 

Although these predictions may 
appear ridiculous, in special care 
areas this technology is being real- 
ized. Foi example, in some neonatal 
intensive care units, microcomputers 
are being used to record and access 
patient data. Additionally, in several 
agencies nurses are using microcom- 
puters at the bedside to access and 
record essential oatient information. 
In educational settings, the capabili- 
ties of computer assisted instruction 
allow faculty to teach complete 
courses via the microcomputer. The 
evolution of the microcomputer as a 
teaching strategy presents several 
implica Jons for nursing education. 

First, microcomputers can be used 
to facilitate computer literacy among 
faculty and students. Because of the 
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Although it may not be apparent, tive technology is significantly im- 
the microcomputer is a fundamental pacting education. More specifically, 
part of everyday life. This innova- nursing educators are discovering 
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FIGURE 1. Factors to consider. 



societal push toward computeriza- 
tion, children are becoming com- 
puter literate in elementary schooL 
However, many students and nurs- 
ing educators did not have this op- 
portunity. The microcomputer al- 
lows the faculty to become com- 
puter literate without leaving their 
offices. Thus this technology can 
expedite computer literacy among 
faculty. 

Another application of microcom- 
puters to nursing education is com- 
puter assisted instruction. Although 
nursing software for the microcom- 
puter is limited, some excellent CAI 
packages are available. Computer 
assisted instructional programs can 
be used to teach the simple intellec- 
tual skills, such as knowledge recall, 
application, and comprehension. 
Using the microcomputer to teach 
the simple intellectual behaviors al- 
io »vs the faculty more time to teach 
the more complex behaviors, such as 
analysis, synthesis, and evaluation. 

The third application of the mi- 
crocomputer to nursing education is 
in relation to fiscal restraints. A 
universal concern of administrators 
is financial curtailment. This con- 
cern has contributed to the need to 
maximize faculty and financial re- 
sources."* The microcomputer can 
assist in accomplishing this goal. For 
example, the tasks of record keep- 
ing, test construction, and grading 
can be facilitated by the computer, 
thus allowing the faculty more time 
to provide individualized instruc- 
tion. 

Before microcomputers, CAI pro- 
grams were designed to be utilized 
for university mainframe systems. 
Using the large systems was expen- 
sive and inconvenient. Currently in 
nursing education, the microcom- 
puter's primary function is to run 
CAI programs. The microcomputer 
can be more cost effective than the 
mainframe,^ thereby contributing to 
the maximization of financial re- 
sources. 

The microcomputer can also assist 
in maximizing faculty resources be- 



cause extensive computer expertise 
is not necessary. To become micro- 
computer literate requires little time 
and energy. 

If used effectively, the microcom- 
puter can assist in maximizing re- 
sources. In nursing education, micro- 
computers are frequently used to 
run CAI programs. However, to use 
this teaching strategy effectively, it 
must be determined if CAI is the 
appropriate educational resource. 

IS COMPUTER ASSISTED 
INSTRUCTION THE BEST 
SOLUTION? 

Computer assisted instruction may 
be viewed as a solution to a specific 
problem. However, to determine if 
CAI is the best solution, several 
factors should be considered. The 
first factor to consider is the cur- 
riculum and conceptual framework. 
Operant conditioning is the basis for 
computer assisted instruction. 
Therefore support for a teaching 
strategy based on operant condition- 
ing is essential. Generally, curricula 
that emphasize self-paced, indi- 
vidualized learning suppoH^ com- 
puter assisted instruction.'^ 

Another factor to consider is the 
presentation of ihe content. The 
rate of content presentation should 



correlate with the students* learning 
rate. For example, a CAI unit that is 
used to transfer information can 
present the content faster than a 
program that focuses on critical 
thinking skills. 

Other significant factors include 
the target behaviors and the princi- 
ples of educational psychology. It 
should be ascertained if the specific 
program will promote the desired 
behavior change. In making this de- 
cision, it is important to decide if 
CAI will convey the necessary con- 
tent. The CAI program shcjlu also 
reflect the principles of educational 
psychology .The program should in- 
clude factors such as motivation, 
transfer, extension, and reinforce- 
ment of knowledge. 

Next, the students* learning style 
should be examined. Some students 
benefit from visual approaches. 
However, others benefit from verbal 
teaching strategies. Therefore the 
program should provide for both 
verbal and visual presentations. 

The fifth factor to be examined is 
the type of learning provided by the 
program. According to Bevis'^ two 
types of teaching operations exist. 
They include passive and active 
learning. Passive learning occurs 
when the learner uses his senses to 
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absorb and retain information. Ac- 
tive learning involves the student in 
operations and behaviors that re- 
quire participation. Because nursing 
is a process oriented profession, CAI 
programs should focus on active 
learning. 

Finally, student and facuk ^ref- 
erences should be considerea. Al- 
though the research regarding atti- 
tudes toward CAI is limited, it is an 
important factor to consider. Aiken 
and Braurf suggest that teacher 
acceptance toward CAI is probably 
the biggest challenge. Figure 1 il- 
lustrates these factor. Following 
careful consideration of these factors 
and the decision to use computer 
assisted instruction, program devel- 
opment can begin. 



DEVELOPING COMt'ITER 
ASSISTED INSTRUCT) ONAL 
PROGRAMS: ANALYSIS OF 
THE COMPONENTS 

Currently in education there is an 
increasing interest in developing CAI 
programs. However, the process of 
development frequently lacks plan- 
ning or direction. When faculty are 
given the task of deciding which 
curriculum content should be 
included in the program, usually 
two discriminating methods are 
used. Either the content that is the 
most tedious and time consuming to 
teach is selected, or the individual's 
favorite content is chosen. Although 
these methods are producing CAI 
programs, a developmental strategy 
which incorporates the instructional 
design process can contribute to a 
higher quality program. Therefore, 
the first step in developing CAI 
programs is analysis of the instruc- 
tional design process. 

According to Kemp^' instructional 
design consists of eight components: 
a) the goals, b) the learner char- 
acteristics, c) the leammg objectives, 
d) the subject content, e) the pre- 
assessment, f) the resources, g) the 
support services, and h) evaluation. 



The first component of the in- 
structional design process is describ- 
ing the general purpose of the pro- 
gram. In doing so the dasired goals 
of the program should be delineated. 
For example, a general purpose of 
the CAI program used to teach the 
process of calculating medication 
dosages to nursing students was to 
understand the reasons for giving 
the correct dosage. 

The next component of the in- 
structional design is to define the 
student characteristics. In this com- 
ponent, specific information that will 
affect the students' learning should 
be described.^ For example, in devel- 
oping the dosage calculation pro- 
gram, it was important to know the 
students' previous clinical experi- 
ence, reading level, math ability, 
motivation, and expectations of the 
course. This information was then 
used to build a tutorial or an exit 
into the program. 

The rhird and one of the most 
difficult components of the instruc- 
tional design is delineation of the 
learning objectives. The target be- 
haviors should be incorporated into 
the learning objectives. These be- 
haviors include expectations of the 
students following the program. For 
the dosage calculation program, a 
learning objective was the following: 
given the amount of medication 
ordered and the amount of medica- 
tion available, the student will 
calculate the dosage correctly SO'c of 
the time. 

The next component is deciding 
on the subject content to be taught. 
This component also includes the 
procedures required to meet the ob- 
jective. For example, in the dosage 
calculation program, it was neces- 
sary to teach the ratio of the amount 
of medication ordered to the amount 
of medication available. Therefore, 
basic algebra was included in the 
subject content. 

The fifth component is pre-assess- 
ment of the students. For a success- 
ful program, it must be determined 
if each student has the same back- 



ground knowledge. This component 
includes deciding if the student is 
already proficient in the skills or 
content being taught. Although this 
component is interrelated to the 
learner characteristics, it is im- 
portant to determine specifically 
what prerequisites each student has 
acquired. 

The next component is determin- 
ing the teaching/learning activities 
and resources. Although CAI is con- 
sidered a teaching strategy, other 
teaching/learning activities that will 
interface with the program should 
be evaluated. Successful completion 
of this component includes consider- 
ation of the instructional methods 
and resources that will accomplish 
each objective. The instructional 
methods that will be the most time 
efficient and cost effective should be 
evaluated. In making this decision, 
the strengths and weaknesses of al- 
ternative methods and various 
materials should be considered. 

All instructional methods are re- 
lated to either presentation to a 
group, teacher-student interaction, 
or individualized learning. However, 
CAI is most closely related to indi- 
vidualized learning. If you decide 
that the most appropnate instruc- 
tional method for accomplishing the 
objectives is individualized instruc- 
tion, then computer assisted instruc- 
tion may be the solution. 

The seventh component is the 
available support services. The sup- 
port services include budget, facili- 
ties, equipment, time, schedules, and 
personnel. In looking at CAI pro- 
grams you need to consider equip- 
ment, release time for faculty, facili- 
ties, and personnel needed to run 
the program. Furthermore, a pro- 
gram must coordinate with other 
activities. 

Finally, the last component in- 
cluded in the instructional design 
process is evaluation. Measuring the 
students' learning outcomes is essen- 
tial to this component. If well writ- 
ten, the objectives will indicate the 
learning outcomes. Measuring these 
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•Read order 
•Determine amount available 
•Calculate dosage 
•Compare answer with correct answer 
•If incorrect re-calculate 



FIGURE 2. Algorithm example. 



learning outcomes is usually accom- 
plished by a final exam. However, a 
pretest-posttest design may be used. 
Prior to developing a successful lec- 
ture, one would consider the instruc- 
tional design. Similarly, writing a 
successful CAI program requires 
evaluation of the instruction design 
process. 

Following evaluation of the in- 
structional design, the decision to 
implement computer assisted in- 
struction can be made. If CAI is the 



( Start ) 

I 



Computer Reads Amount of Solution Available 
and Ordered Amount 



Computer Displays Amount of Solution Available 
and Ordered Amount 



Computer Calculates Dosage 



1 



/ Computer Requests Student to Enttr Correct Dosage / 



Student Calculates Dosage and Enters Answer 




Computer Gives 
Positive Feedback 



/ Computer Informs 
/Student Answer is Incorrecty 



Computer Displays 
Correct Calculation 



( Stop ) 



FIGURE 3. Flowchart example. 
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best solution to a teaching problem, 
then software development may be- 
gin. Because software development 
requires a set of accurate directions, 
two techniques may be used to de- 
velop the program. 

One technique is the algorithm. 
This is a set of logical steps that 
carry out specific tasks, operations, 
or transformations of data. Figure 2 
displays a simple algorithm that 
could be used for the dosage calcula- 
tion exercise. 

Another technique that may be 
used to develop software is the 
flowchart. A flowchart is a graphic 
representation of the logical se- 
quence of the execution of a pro- 
gram. Figure 3 exemplifies the 
flowchart for the dosage calculation 
exercise. The final step in software 
development is the evaluation and 
revision process. 

EVALUATION OF NURSING 
SOFTWARE 

According to Scriven,^ evaluation 
can be either formative or summa- 
tive. Formative evaluation is a re- 
view of materials used during the 
process of development. Formative 
evaluation provides feedback during 
the developmental process. This 
feedback may be used to change the 
product during the developmental 
period. In contrast, summative 
evaluation is the collection of data 
about the completed product, or its 
outcomes. Summative evaluation 
pro'/ides information concerning the 
effectiveness of the product but does 
not change the course of develop- 
ment. Generally, members want to 
know if the program teaches what it 
is supposed to teach. Therefore, the 
summative approach is frequently 
used. 

Two manuals for evaluating 
software in general are available.*^ 
Although these guides are excellent, 
they refer to general evaluation of 
software and do not specifically re- 
fer to nursing. Therefore other fac- 
tors specific to nursing should be 
considered. 
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The first factor is the educational 
strategy. The teaching method used 
must be appropriate for the content 
and promote the target behaviors. 
The educational strategy must also 
be used appropriately. For example, 
if you wanted to teach assessment, 
diagnosis, and treatment of lung 
cancer, a simulation instead of a 
page turner program might be more 
appropriate. 

The second factor specific to nurs- 
ing is the content. It is important to 
identify the nursing theories that 
are being utilized. The theories 
should be appropriate to the con- 
tent. Following identification of the 
theories it is essential to determine 
if the principles are congruent with 
the content. More importantly, the 
content should be applicable in clini- 
cal situations. 

Equally important are the values 
concerning CAI. The CAI program 
must meet the teaching objectives; 
however, it should also satisfy the 
expectations about faculty. For ex- 
ample, the p- -Tram should relate to 
individual ar. ganizational effort. 
The effects on the philosophy, cur- 
riculum, and organizational setting 
should be considered.*^ Further- 
more, the continued use of the mi- 
crocomputer and the accompanying 
software should be carefully 
evaluated. 

In conclusion, this paper sought 
to present an overview of the appli- 
cations and advantages of micro- 
computers and computer assisted 
instruction in nursing education. Al- 
though there is an increasing trend 
toward using the microcomputer in 
nursing education, the decision to 
incorporate this innovation into the 
curriculum should not be made 
hastily. Instead, the microcomputer 
should be viewed as an important 
educational tool. With further devel- 
opment and research the microcom- 
puter enhanced by computer assis- 
ted instruction may significantly 
contribute to the education of effi- 
cient, well prepared nursas. 
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During the late 1970s and early 
1980s, the videodisc emerged from 
the laboratories. This new mediuin 
combined a storage capacity for 
54,000 frarr »3S or 30 minutes of mo- 
tion, a search time of 1-3 seconds, 
durability that far exceeded film or 
videotape, low cost of reproduction, 
and a high degree of computer com- 
patibility. With these characteris- 
tics, the videodisc was touted as the 
ultimate in cost-effective, interactive 
educational technology. Since that 
time, however, economic factors and 
fab^ iS coupled with a profound ab- 
sence of educational software and a 
singular and perhaps excessively 
rigid approach to the production 
and application of the iiiedium have 



led many educators to regard the 
videodisc as an expensive toy in- 
stead of a viable educational 
medium. 

Both industry and the military 
have recognized, explored, and ex- 
ploited the videodisc's potential. In 
these environments training is the 
most common and successful appli- 
cation. The stable funding and 
centralized decision-making pro- 
cesses found in these institutions 
allow long-term commitments of re- 
sources to the exploration of tech- 
nologies that promise to enhance the 
marketing of and support for a set 
of products or the completion of a 
specific set of missions. The video- 
disc has shown great strength in 
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these relatively homogeneous envi- 
ronments. Companies like DEC 
and Ford Motor Company that have 
a need to train thousands of em- 
ployees in the maintenance of a 
particular piece of hardware c«n 
direct a portion of their training 
budget to a medium that promises 
(and delivers) highly successful, in- 
teractive, cost-effective training. 

Individually, educational institu- 
tions are small and decentralized 
when compared to giant industrial 
corporations or the military. There 
are many separate fields of study in 
any given educational institution, 
each with a faculty that chooses its 
own instructi na! goals and tech- 
niques. This disperses both the fund- 
ing and authority that are necessary 
to implement new technologies on a 
meaningful scale. Furthermore, the 
goals of an educational institution 
are far more diverse than those of 
either an industry or the military. 
As a result, there has been little 
broad-scale use of the videodisc at 
the university level. What use has 
been made of videodisc technology 
has been primarily exploratory and 
rese.irch oriented. Actual large-scale 
implementation of this technology 
in the curriculum is extremely rare. 

Because the videodisc has been 
predominantly a tool of industry 
and the military, the field of video- 
disc production and applications has 
been dominated by an approach that 
meets the needs of those institu- 
tions. As a result, it is often assumed 
(or taught) that the videodisc must 
be an integral part of a well-planned 
and financed endeavor. This en- 
deavor adheres to a classic instruc- 
tional design process and includes a 
well-defined and specific set of edu- 
cational goals and objectives; precise 
knowledge of the learner audience; a 
well-selected delivery system (often 
expensive and sophisticated); 
flowchart-based scripting; a com- 
plicated production effort; and 
evaluation, revision, and implemen- 
tation phases. The products of such 
rigor are generallv attractive and 
effective. However .hey are also 
single-purposed and expensive. 



It is extremely difficult for an 
educational institution to justify the 
commitment of finances and person- 
nel implied by such a program, espe- 
cially when the final product is so 
specifically directed to a limited set 
of instructional goals. 

GENERIC VIDEODISCS 

There is an alternative to the one- 
videodisc-per-program design that 
disperses the costs of production and 
allows users to develop programs 
that are tailored to their unique 
needs. Given the enormoui: varia- 
tions in instructional goals and styles 
among institutions and instructors, 
this approach may be more accept- 
able to educators. The approach de- 
pends upon the creation and distri- 
bution of multi-use or **generic" 
videodiscs. Generic videodiscs are 
those that contain a sufficient quan- 
tity of visual and/or audio informa- 
tion to provide complete or near- 
complete '^overage of a defined field 
of study. If high-quality collections 
can be made readily available, the 
decisions on the choice of playback 
equipment and the design and pro- 
duction of programs that utilize the 
resources of the videodiscs and the 
capabilities of the chosen delivery 
system to meet the unique needs of 
the institution may be deferred to 
the end-user.'^'^ 

Examples of such videodiscs that 
are now available in the life sciences 
include two videodiscs by Videodis- 
covery Inc., that together contain 
cer 10,000 slides and numerous 
short film clips and sequences to 
support general biology education; 
and fou) videodiscs by the Univer- 
sity of Washington — two of which 
contain a variety of materials (over 
6000 slides, one film, and a total of 
over 45 min of high-quality video- 
taped microscopy) to allow 
instruction in hematology with par- 
ticular emphasis on the acute 
leukemias — two others provide a 
base for the development of instruc- 
tion in neurology with emphasis on 
motor disorders and mentation 
deficits. There is also a videodisc 
that was produced by Rush- 



ion 



Presbyterian Medical Center. Al- 
though this disc contains approxi- 
mately 10,000 pathology slides and 
is used for the development of com- 
puter-based education at that center, 
the disc has not been released for 
use at other sites. Generic discs that 
are currently bein[^ produced for 
widespread dissemination include a 
disc in veterinary pathology from 
the University of Georgia, a video- 
disc in basic hematology from the 
University of Washington, and an 
atlas of infectious disease from Miles 
Laboratories. 

The videodiscs mentioned above 
are used in a variety of ways at a 
number of different institutions. 
They are used in a stand-alone mode 
to support lectures and discussions, 
with syllabi or catalogs as self-study 
or reference materials, and with a 
variety of computers and micro- 
computers as the visual elements in 
didactic presentations, simulations, 
or tests. 

CHARACTERISTICS 

Ideally a generic disc should contain 
the following: material of the best 
available quality; multiple examples 
of each major classification; the 
common and normal as well as the 
rare and exotic (In the biomedical 
sciences, demonstrations of the most 
common presentations of a disease 
are often far more valuable than a 
rare but spectacular presentation. 
Similarly, it is extremely important 
to be able to recognize variations of 
normal.); short motion sequences 
when the event or process to be 
demonstrated is dynamic (eg, a re- 
flex or tremor); a complete, under 
stand able, cross-referenced catalog 
of all entries. This catalog provides a 
reference both for those who are 
browsing through the subject matter 
and for those who want to create 
instructional programs. When possi- 
ble, sample programs, syllabi, and 
other materials should be provided 
with the discs as models or stimuli 
for instructors who wish to develop 
programs using the videodiscs. 

A generic videodisc should also be 
designed to be as machine-indepen- 
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dent as possible. It should play on 
any brand of player, and the end- 
user should be free to make all mi- 
crocomput<er, interface, and special 
peripheral choices. 

APPLICATIONS IN 
THE BIOSCIENCES 

In training applications the analysis 
of the problem can often be readily 
broken down into a simple algorith- 
mic format. Once the analysis is 
complete, the solutions to the prob- 
lem are often quite straightforward. 
For example, there is only a limited 
number of paths involved in the 
analysis of a printer breakdown, and 
once a given path has proven merit, 
there is only a single fixed repair 
process that must be taught. 

However, as problem-solving be- 
comes more complex, as is usually 
the case in the life sciences, decisions 
are often based on the relative val- 
ues of bits of data. Experience with 
a data base that far exceeds that 
provided in any one training pro- 
gram becomes the basis of judg- 
ments regarding the value of various 
data. For example in the biomedical 
sciences, the development of clinical 
judgment requires the phility to 
recognize various audio and visiiai 
cues and to interpret their relative 
meaning in light of the entire pa- 
tient milieu. 

The generic videodisc, through its 
ability to present multiple examples 
of the same phenomenon (therefore 
showing a number of different ways 
that a phenomenon may appear) as 
well as examples of related or con- 
trasting phenomena, can offer a por- 
tion of the experience necessary for 
the development of clinical judg- 
ment. 

The videodiec may be used in 
conjunction with a computer (or 
microcomputer) to create patient 
simulations that challenge students* 
problem solving abilities. If the in- 
structor determines that a straight- 
forward didactic approach is neces- 
sary, the vid'^disc is flexible and 
diverse enough to provide the basis 
for many didactic sessions. The mul- 
tiplicity of examples also allows test- 



ing based on frames that were not 
used during the didactic sassions. 
This helps ensure that the student is 
not merely remembering given 
images but that concepts are being 
understood. 

A number of sites have produced 
a variety of materials using video- 
discs. At these sites people who have 
had no formal training or previous 
experience with the medium have 
reviewed the information available 
on the videodiscs, selected appro- 
priate segnr.ents, and integrated 
these segments into instructional 
programs that meet the educa- 
tional goals of their particular in- 
stitution. ^-^-^-^ Some sites have en- 
couraged students to develop pro- 
grams that take advantage of the 
resources available to them on 
generic videodiscs. University of 
Washington undergraduates have 
produced a number of programs in 
pathology, hematology, and medical 
technology while learning lae basics 
of computer programming and edu- 
cational design."* 

PRODUCTION 

The basics of videodisc production 
and equipment and format capabili- 
ties were reviewed in an earlier issue 
of this publication.^^ There are, 
however, particular points that 
should be emphasized regarding the 
process of identifying, collecting, and 
cataloging appropriate materials for 
gent » -c videodiscs. This is by far th? 
most costly and time-consuming 
phase of generic videodisc produc- 
tion. Consider, for example, the 
effcrt and cost to collect 10,000 
high-quality still visuals and 24 min 
cf short motion segments and to 
catalog and cross reference all of the 
above. 

Producers often plan videodiscs to 
utilize both existing collections 
(films, slides, videotapes, and origi- 
nal art) and material produced ex- 
clusively for the videodisc. Using 
existing collections has certain obvi- 
ous advantages, yet there are also 
several potential problems that must 
be considered. 

• Copyright. Often collections are 



bound by copyright restrictions or, 
particularly in the case of private 
instructional collections, include 
materials that have been dupli- 
cated from copyrighted sources 
within the **fair use" allowances. 
Obviously, all copyright restric- 
tions must be cleared up before 
materials can be used on videodisc. 

• Quality. Ev^en the best of collec- 
tions may contain a large per- 
centage of materials that, due to 
poor storage or aging technology, 
are of inferior quality. Further- 
more, images of marginal quality 
may degrade to unacceptable levels 
during transfer to the videotape 
master unless expensive electronic 
enhancement techniques are used. 

• Scope. Many collections are ex- 
tremely specific. Thus they may 
have more examples than neces- 
sary in one content, area yet be 
deficient in many other desired 
areas. It is particularly common in 
the biomedical sciences to find that 
there are few or no examples of 
common disease states or finding. 

• Format. The videodisc is limited to 
the format and resolution offered 
by television. Thus slides shot in a 
vertical format or illustrations that 
are particularly long will not fit 
conveniently on a video screen. 
Fine print or extreme detail is lost 
when subjected to the resolution of 
television. 

Successful videodiscs that havv^ 
been produced using existing collec- 
tions include the Bio Sci Videodiscs 
produced by Videodiscovery, Inc., 
and the Medical Applications 
Videodisc and the Disorders of the 
Nervous System saries produced by 
the University of Washington. 

CONCLUSION 

The videodisc medium is presently 
the most cost-effective and interac- 
tive means of storing large collec- 
tions of visual material. Educators 
who want to use this powerful inter- 
active educational tool may explore 
the medium through the use of 
generic videodiscs. These versatile 
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viueodiscs may be adapted to many 
educational purposes (testing, refer- 
ence, didactic instruction, or simula- 
tions); a variety of educational en- 
vironment.; (classroom, library, or 
self-learning laboratory); and may 
be used with numerous different 
equipment configurations (ranging 
from player and monitor only to 
computer-controlled systems with 
graphic overlay and voice recogni- 
tion). 

Several existing videodiscs pro- 
vide high-quality collections or 
atlases in given areas of bioscience. 
More are being produced as univer- 
sities, professional associations, and 
private businesses recognize the edu- 
cational potential of these large, 
easily-stored, readily accessible col- 
lections. As such collections become 
more readily available, inexpensive 
generic videodiscs should enhance 
instruction worldwide at sites that 
do not have the resources to collect. 



catalog, and disseminate collections 
of their own.' 
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SIMULATED LABORATORY 
EXPERIMENTS 

M. E. Jones, J. W. Mann, and M. Aucone 
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The idea of the simulated practical 
(laboratory experiment) is not new. 
Real practicals are often messy, 
tedious, dangerous, expensive in 
terms of time and space, and fre« 
quently of little educational value. 
The alternative of having a com- 
puter simulate the essentials of the 
practical can be very apoealing, but 
it too has its drawbacks. One option 
is to precede the real practical by a 
computer simulation. To see the 
advantages of this, consider first a 
comparison of the ideal practical 
with the way it usually runs in 
practice. 

Ideally, the student would re- 
search the subject in advance, for- 
mulate precisely the question to be 



asked, and design his experiment 
accordingly. Data would be gathered 
in full knowledge of how it would be 
analyzed. Reality, however, is quite 
different. Students rarely read the 
topic in advance of the practical and 
are in no position to propose either 
the aim or method of a relevant 
experiment. Constraints of time, 
space, and staffing in undergraduate 
laboratories often dictate that ex- 
periments be run on a tight sched- 
ule, and the only way to reconcile 
these conflicting factors is to present 
the student with a recipe for con- 
ducting the exDeriment. Even this 
usually requires the students to work 
in small groups, within which a 
bright extrovert often runs the ex- 



periment while the remainder look 
on in passive confusion. Only lalci, 
during the write-up phase of the 
practical as the data are analyzed 
and discussed, does the full signifi- 
cance of the experiment reveal itself 
to the average student. By then it is 
too late to remedy the occasional 
pipetting error or recheck the obvi- 
ously wild result. Rarely are there 
facilities to repeat or add to the 
observations. Widespread disen- 
chantment with this system and 
well-founded doubts as to its educa- 
tional value have contributed to a 
significant move away from labora- 
tory practicals. This is unfortunate 
because experimental validation is 
the cornerstone of life sciences. The 



ERIC 



1985 HY Kl SKVIKU SCIKNCK PUHMSIUNG CO.. INC. 



0742..m'l/8.'>/$0(K) + 2.2(1 



(•()MP[: rKKS IN LIKK SOKNCK \\\n "A l lON. \ Ol.l MK J \l Mliri{ MJ. ()( ' !'( MlKK I<th". 



difficulty that students have with 
real practicals is uften related to the 
amount of conceptual material that 
must be understood before the prac- 
tical aspects make sense. 

Consider, for instance, the experi- 
mental determination of and 
^max for an enzyme. Our real practi- 
cal uses j3-galactosidase with the 
artificial substrate o-nitrophen>l-j3- 
galactoside, the concentration of the 
product o-nitrophenol being dc 
termined spectrophotometrically by 
measuring absorbance at 420 nm. 
Although this seems trivially simple 
to anyone familiar wah the assay, 
the conceptual pathway for an un- 
dergraduate confronting it for the 
first time is actually quite convo- 
luted. It involves absorbtion (Lam- 
bert's law), logarithms and optical 
density, the molar absorbtion coeffi- 
cient for o-nitrophenol, and the de- 
termination of initial reaction rate, 
in addition to an understanding of 
Michaelis Menten kinetics and per- 
haps also of reciprocal transforms to 
estimate and V^^^^. That is quite 
a lot of new conceptual materia! for 
a student to master at the same 
time as using pipettes, water baths, 
and spectrophotometers. The idea of 
the simulated prepractical is to let 
the student become thoroughly 
familiar with the conceptual, par- 
ticularly the numerical, aspects of a 
practical well in advance of the 
scheduled real practical. 

The simulation allows the student 
to choose temperatuie, pH, enzyme 
concentration, substrate concentra- 
tion, the concentration of two in- 
hibitors (competitive and noncompe- 
titive), and the incubation time. The 
program responds by giving the 
change in optical density for that 
incubatit n. Students have access to 
the simulation for some weeks be- 
fore the real practical, to which they 
are expected to bring their proposal 
for several incubations to determine 
arid for /S-galactosidase. 

Although the original impetus for 
such a simulation was to act as a 
lead-up to an existing real practical, 
simulations are not constrained to 



such a role. The> can, of course, be 
used in any situation where the real 
thing is too difficult, tinie-coiisi nt- 
ing, expensive, small, or rapi"* (there 
are some nice simulation: of en- 
/y.Ties undergoing confonnational 
change, something that we can 
scarcely see in real life). Even in the 
context of a simulated introduction 
to a real practical, the computer can 
add a degree of complexit> that in a 
real-lif^ practical would be too 
time-consuming to encompass. This 
gives scope for the more motivated 
students to go beyond the minimal 
requirements of the curriculum. In a 
heterogeneous class, the better stu- 
dents can achieve their potential 
while using the same simulation that 
the class as a whole uses in per- 
forming the required exercise. 

Using the enzyme simulation as 
an example, we have the facility to 
introduce competitive and non- 
competitive inhibitors. Students can 
determine which is which and the 
binding constant determining the 
interaction of each with the enzyme. 
Variation of with temperature 
follows the Arrhenius equation, so 
the activation energy can be esti- 
mated from experimental series run 
at different temperatures. The non- 
competitive inhibitor increases this 
energy banner. Above 45°C, the en- 
zyme denatures at a rate depending 
on (T - 45°C). Such a simulation 
not only allows for heterogeneous 
classes, in which both motivation 
and ability will vary from student to 
student, but it also allows for the 
inevitable change in curriculum con- 
tent and educational philosophy that 
turn last year's successful tutorial 
style CAI lesson into this year's 
anachronism. 

Simulations, provided they are 
suitably realistic, are relatively 
robust when faced with curricular 
changes and f'terations in educa- 
tional philosophy. F'or instance, in 
the enzyme practical, once inhibitors 
and temperature-dependent behav- 
ior have been programmed into the 
simulation, they can remain, regard- 
less of the requirements of a chang- 



iiig curriculum. Equally, the simula- 
tion can he ased with copious notes 
a.^ to how to proceed, or alterna- 
tively, as a problem-solving exercise 
in which the students are told to go 
to the library and research the liter- 
ature and then to investigate the 
simulated experiment. 

Such simulations have come re- 
splendent with graphics, and for 
some few applications this might b^ 
almost essential. For enzymes, a plot 
of against substiate concentia- 
tion, together with one or more re- 
ciprocal transforms might be offered. 
Such graphics, appealing as they 
may be superficially, often limit the 
usefulness of a simulation. They tie 
the simulation to a single type of 
monitor and present the results in a 
way quite different from the raw 
data of a real practical. 

Even when the educational phil- 
osophy is such that the graphic pre- 
sentation of results seems appro- 
priate, the generation of such graphs 
is usually trivial if there is an 
adequate simulation algorithm to 
compute the numbers from the ex- 
perimental conditions. It therefore 
follows that the crux of such a simu- 
lation is the few lines of computer 
code tl.at do the lumerical compu- 
tation. Such algorithms can be used 
across a wide spectrum of educa- 
tional levels independently of 
whether the underlying educational 
philosophy tends towards didactic 
teaching, problem solving, or dis- 
covery learning. The exchange of 
simulations between institutions is 
usually prevented only by the asso- 
ciated graphics routines (which are 
often heavily hardware dependent) 
and hy the algorithms being em- 
bedded in a lesson that reflects the 
curriculum and educational style of 
the originating institution. Yet thase 
impediments to exchange are only 
the frills that a recipient institution 
can easily tailor to its own needs. 

The skill and expertise behind 
writing a good simulation lias in the 
writing of the algorithm. These 
should be catalogued, documented, 
and exchanged freely. 
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THE TRANSFER OF VIDEO IMAGES 
TO MICROCOMPUTERS 



James Eckblad 

Luther College^ Decorah, Iowa 

In this brief report, I want to con- 
sider some of the options currently 
available to let users transfer video 
images to their microcomputers. I 
will focus on our experience with an 
inexpensive slow-scan d(vice but also 
will suggest some other options that 
are commonly known as digital 
image processors. In general thase 
devices take any standard video sig- 
nal, such as that from a video tape 
recorder and convert the picture to a 
black and white digitized display on 
the hi-res graphics screen of a micro- 
computer. This technique, until re- 
cently available only with very 
sophisticated large computers, lets 
the microcomputer take snapshots 
of whatever appears on the video 
tape or video camera. A paper copy 
of the image can be obtained using a 
standard dot matrix printer. 

Our department has been using 
the Co aputerEyes system from Dig- 
ital Vision, Inc., and an Apple II + . 
A similar version is available for the 
Commodore 64, and versions are 
under development for the IBM-PC 
and Atari 800. ComputerEyes is a 
small (4" X A" X 1.75") black box 
that connects to the Apple 16-pin 
game I/O socket. 

After ComputerEyes is connected 
to the Apple I/O socket, the RCA- 
type jack on the back of the box 
connects to the output from a video 
source. We had ours connected to a 
Pansonic video camera and began 
capturing images about 20 minutas 
after opening the package. 

The software disk included with 
ComputerEyes is not copy-protec- 
ted, and a menu program, written in 
BASIC, gives users access to a 
variety of features. These include 
options to acquire high-contrast and 
grey-scale images; view the last 
acquired image; save images and 
retrieve them from disk in both 
packed and unpacked formats; cata- 



log the disk; and run a demo pro- 
gram. There is on-iine help available 
so that one doesn't have to keep 
referencing the 27-page owner's 
manual. 

The first menu option selected 
would normally be ADJUST SYNC, 
which lets you use the "Sync" knob 
on the ComputerEyes box to make 
adjustments according to the 
signal being received from your 
video source. After that you can 
C/.PTURE an image as the 
ComputerEyes system performs a 
scan of the video signal. The ma- 
chine language software records 192 
samples during every vertical scan, 
storing one column of pixels In about 
16.6 msec. (The smallest element of 
a display that can be controlled 
individually is called a picture ele- 
ment, or pixel.) The point in time 
during each horizontal scan period 
at which samples are teken is de- 
layed from the horizontal sync 
by an amount that is very slowly 
increased as ^he ComputerEyes 
scan progresses across the screen 
from left to right. The result is that 
successive columns of pixels are 
acquired, with 280 columns being 
acquired in 280 X 16.6 msec, or a 
little under five sec. The user con- 
trols .he background 
brightness with the second knob on 
the ComputerEyes box. 

Cne of the nice features of this 
system is that images can be saved 
to a disk in a packed format, thereby 
saving space on the disk. When 
images have large areas of either all 
white or all black, the packed for- 
mat can save them on the disk in as 
few as four sectors each. We Ve used 
this feature to make up a slide-show 
of over 40 ii»^ages on a single disk for 
the Apple II. This greatly facilitates 
the addition of high-quality graph- 
ics to any computer-assisted instruc- 
tion software you may develop. 



R biQiogist ujha likes to get out 
□f the lab and aujabj from his 
computer eyery once in a ujhilBi 




FIGURE 1. 

The biologist seining image (Fig. 
1) was created with ComputerEyes 
and printed on an Epson dot matrix 
printer. It used the normal 34 sec- 
tors when saved to a disk without 
being packed, six sectors when 
packed, and eight sectors whc.i 
packed after lettering was added. It 
usually works best to add K ttering 
after an image has been captured; in 
Figure 1 the Beagle Bros, program 
Apple Mechanic was used to add 
lettering to the hi-res screen. 

The resolution of our Apple II + 
version of ComputerEyes is limited 
to the standard 280 X 192 pixel hi- 
ras screen. If you have an APPLE 
//e with an extended SO-column 
board installed (128K), an addition- 
al ComputerEyes disk can be pur- 
chased (for $15) to take advan- 
tage of double hi-res. This gives a 
display with twice as many pixels 
per area, or a 560 X 192 pixel screen. 

ComputerEyes images can also be 
made compatible with Broderbund's 
Print Shop program by using a spe- 
cial disk (available for another $15). 
You can personalize posters, etc. by 
using your custom images. This disk 
also has a more generally useful 
program that takes any previously 
saved hi-res image and lets you make 
it compatible with Print Shop. 

Thus far weVe used Computer- 
Eyes primarily to generate some 
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TABLE 1- Some digital image proct«sor.s for mic'rocomj)Uttr.s 



I^roduct 



Manufacturer 



Svstem 



ComputerKyes 

($ \m 

Diplomat 
($295) 

DS.88 Digisector 
($ 350) 

FAX64() 
($ 1595) 

Graphiconi 
($ 200) 

Image Capture 
(S 1295) 

Mac Vision 
(S 399) 

Magic 
($ 350) 

Micron Eye Bullet 
($ 295)* 



Micro- Imager 
($350) 

PC-Eye 
($ 1495) 

PCvision PVame 
Grabber 
($ 2995) 

FI-101 Fhotolmager 
(S 995) 

Private Eye 
($ 595) 

ThunderScan 
($ 229) 



Digital Vision. Inc. 
14 Oak St., Suite 2 
Needham, MA 02192 

Computech Sy.stenis 

168Finchley Rd. 

Ix)ndon. NW3 f)HI\ ENGLAND 

The Micro Works 

PO Box 1110 

Del Mar,CA 92014 

Scion Corp. 

12310 Pinecrest lid. 

Reston.VA 22091 

Computize 
PO Box 207 
Langhome, FA 15*047 

AT & T Consumer Products 
2002 VVellesley Blvd. 
Indianapolis, IN 46219 

Koala Technologies 
3100 Patn^k Henry Dr. 
Santa Clara, CA 95052 

New Image Technology 
10300 Greenbelt Kd. 
Seabrook, MD 20706 

Micron Technology 
2805 E, Columbia Rd. 
Boise, 11)83706 

Servidyne Systems 
1735 Defoor PI. 
Atlanta, GA 30377 

Chorus Data Systems 
PO Box 370 
Merrimack, NH 03054 

Imaging Technology 
6()0 W. CummingsFark 
Wobum, MA 02801 

Commsoft 

665 May bell Ave, 

Palo Alto, CA 94306 

I/O Video 
222 Third St. 
Cambridge, MA 02142 

Thunderware Inc. 
19G Orinda Way 
Orinda, CA 94563 



Apple II 

Con » mod ore 61 



Apple 11 



Apple 11 
IBM 

Tandy Color 
IBM 



Tandv Color 



IBM 



Macinto.sh 



Macinto.sh 



Macintosh, IBM 
Apple 1 1 
Commodore 64 
Tandy Color 

Macinto.sh 



IBM 



IBM 



Apple II 



Macintosh 



Macinto.sh 



computer-assisted instruction in bi- 
ology, obtained paper copy of video 
images seen through microscopes, 
and used it with the Print Shop 
program. We anticipate its use will 
expand to include a wider variety of 
applications in the near future. 

There are some other options 
available for obtaining video images, 
and 15 different systems were re- 
cently reviewed by Linzmayer.' 
These range in price from $130 for 
ComputerEyes to $2995 for the 
PCvision Frame Grabber fn m Imag- 
ing Technology (Table 1). The mean 
price for the 15 systems was $777, 
Five systems have versions that run 
on the Apple II, six on the IBM-PC, 
six on the Macintosh, four on the 
Tandy color computer, and two on 
the Commodore 64. If youVe been 
convinced of the value of graphics, I 
suggest you consider a digital image 
processor. 
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SUBSTITUTION OF APPLE 
COMPUTERS FOR STORAGE 
OSCILLOSCOPES AND 
POLYGRAPHS 



Mary D. Coyne 

Department of Biological Sciences, Wellesley College, Wellesley, Massachusetts^ 



Three years ago we were faced with 
the necessity of updating our physi- 
ology equipment and needed new 
polygraphs as well as at least one 
storage oscilloscope. Several adver- 
tisements led us to consider Apple 
computers as substitutes, and we 
eventually purchased eight Apple 
//e systems plus associated hard- 
ware and software to give us the 
capabilities of both storage oscillo- 
scopes and polygraph recorders. 

We were interested in a storage 
oscilloscope in order to demonstrate 
human reflex responses as well as 
the nerve action potential. Two 
chaniiels were necessary — one to 
show the stimulus, the other, the 



response. The storage capacity was 
needed so that students could 
calculate time intervals from the 
oscilloscope screen. We became in- 
trigued with an ad for COMPU- 
TERSCOPE by RC Electronics 
(Santa Barbara, CA 93111) and de- 
cided to try it with the one Apple 
computer already in the depart- 
ment. The package included an A/D 
board that fit into two of the Apple's 
slots, as well as software to allow 
collection of data. We were iin- 
pressed with the program and subse- 
quently purchased four Apple //e 
computers and three more COM- 
PUTERSCOPE packages to provide 
four workstations per lab. The sec- 
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Table 1. Equipment for a Workstation 



Apple //e computer 
One disc drive 

COMPUTERSCOPE A/D board plus software 
Grass stimulator 
Nerve :hamber 

Two Grass amplifiers (connected to common power supply) 
Imagewriter printer plus sw'tch box to allow sharing with 1 other station 



cond year we planned for and pur- 
chased four more Apples with COM- 
PUTERSCOPE plus four Imag. 
ewriter printers. The components of 
each workstation are listed in Table 
1. Three or four students work to- 
gether at each station depending on 
the level of the course. Although 
four is not an ideal number of stu- 
dents, it has worked out satisfacto- 
rily so far. In the remainder of 
this report, I am going to describe 
the components of a single setup, 
the capabilities of the system, and 
some of the experiments in which 
the system is used. 



MEASURING NERVE 
CONDUCTION VELOCITY 

We particularly wanted to have the 
students in introductory biology 
classes perform a comparison of 
nerve conduction velocities in hu- 
man and frog nerves. The Apple 
computer with the COMPUTER- 
SCOPE board and program acted as 
the storage oscilloscope, but we 
needed to amplify the signal from 
the nerves. To do this we used two 
power supplies (Grass RPS107) and 
eight AC amplifiers (Grass P511). 
For the frog nerve experiment, we 
used available nerve chambers (home 
made) and Grass stimulators (Grass 
SD9). 

The stimulator was connected to 
channel A (upper channel) of the 
A/D board as well as to the nerve 
chamber (see Fig. 1). Channel A 
records the electrical pulse. The out- 
put from the nerve chamber (record- 
ing electrodes) was connected to the 
second input on the A/D board 
(channel B— lower channel). There- 



fore, the response of the nen'c to the 
stimulus would be recordrxi on the 
lower channel (see Fig. 2(A)). The 
time between the beginning of the 
stimulus (channel A) and the nerve 
response (channel B) is the length of 
time it takes the action potential to 
travel from the site of stimulation 
on the nerve to the recording elec- 
trodes. The time interval can be 
read easily from the screen. By look- 
ing at TIME on the third line of 
text under the graphics in Figure 2, 
you can see that each horizontal 
division on the screen equals 0.001 
seconds or 1 millisecond. Therefore 
the approximate time interval be- 
tween the initiation of the stimulus 
shown in channel A and the peak of 
the action potential passing over the 
first recording electrode is :*bout 0.8 
msec. One of the advantages of this 
program is that tvo movable verti- 
cal Hnes can be called up, which will 
allow the user to accurately deter- 
mine either time intervals (along the 
horizontal) or voltage differences 
(along the vertical). 

Figure 2(jB) shows a similar re- 
cording of a frog nerve action poten- 




tial with the two vertical cursors 
positioned on the beginning of the 
stimulus (one on the left) and the 
peak of the action potential. The 
second line of text below the graph 
displays the voltage on channel A 
( -f 0.923) and the time (0.0 /isec) at 
the leftmost vertical line. The third 
line of text displays the voltage on 
channel A (-0.021) and the time 
(821.4 /isec) at the vertical line on 
the right. On the fourth line of text 
the numbers reflect the differences 
in voltage and time between the 
points where the two vertical lines 
are located. Therefore, in this re- 
cording the response time between 
stimulation and nerve response is 
821.4 microseconds (0.8214 msec). 
This is much more accurate than the 
visual estimate that we took from 
Figure 2(A). 

By taking several measurements 
and using this means of measure- 
ment, the students can see that the 
velocity of conduction remains fairly 
constant. After the students have 
measured the length of nerve be- 
tween the stimulating electrode and 
the first recording electrode the 
speed of conduction in meters/sec- 
ond can be easily calculated. Any 
image on the screen can be im- 
mediately suved and/or dumped to 
the printer. The first year, when we 
only had one printer, the students 
saved the experimental data on the 
program disk and print i the graph- 
ics at the end of the lab period. We 
presently have one printer per two 
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FIGURE 1. Diagram of equipment for measunng the hiplia-sic action potential 
produced by electrical stimulation of the frog sciatic ner\ e preparation. 
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A 




Trigger voltage 
threshold level 

Channel A zero 
voltage level 

Channel B zero 
voltage level 



Indicates both channels 
A & B are on 

Time divisions in 
seconds 



B 



Left cursor line - 
Right cursor line 




LEN = 02 A- .100 B- .200 



HALTED 
^ LEVEL 



TRACE A B TRIGGER +00000' 

TIME 000.001 000 . PI SPLAY / foOOOO | +ffl 
DATA ACQUIRED - COMMAT^D? / SWEEPS 000 



-Voltage scales Channels A & B 

indicates whether display has 
been expanded or contracted 



Vertical 
cursors 



Indicates that display begins at 
byte 0000 (max=1024) 




WWLY2E - 

CUR «1 4 
<- -> CUR «2 - 
CUR - CUR «2" 

Voltage 
Channel A 



CH B 




<USEC) 
USEC) 



xime 



'^IGURE 2. Printout of the screen displa.v showing the stimulus (top channel A) afiJ biphasic action potential (bottom channel B) 
ti ^ a f.-og sciatic nerve. A, standard screen, B, screen with vertical cursors for quantitation of voltage and time. 



computers with a switch box; this 
has worked very well. 

OTHER PROGRAM FEATURES 
Another feature of the software has 
been very useful in demonstrating 
the refractory period of the frog 
sciatic newe. Figure 3 is a printout 
of an experiment in which twin 
stimulatory pulses were delivered 
with varying time intervals. Figure 
3{A) shows the two stimulatory 
pulses in channel A. They are 4 msec 
apart. Channel B is the response of 
the nerve. (Note that there is a 



sizable stimulus artifact in this par- 
ticular recording.) Some diminution 
in the biphasic action potential can 
be seen with the second pulse. 

Figure 3(jB) demonstrates two 
other features in the standard COM- 
PUTERSCOPE program, that is, an 
expansion of the screen and the 
accumulation and display of repe- 
*^itive experiments. The number "1" 
at the end of the third line of text 
indicates that the display has been 
expanded once. Therefore, two 
horizontal divisions are equal to 1 
msec. Channel A shows the twin 



pulses for four experiments overlaid 
on each other. The longest delay 
between the twin pulses is about 3.5 
msec, while the shortest is about 1 
msec. Channel B displays the results 
of the four experiments, showing the 
results stacked on top of each other 
with the first one at the bottom. 
The refractory period is quite obvi- 
ous in the third experiment where 
the delay interval has been de- 
creased to 1.5 msec. Only the stimu- 
lus artifact is seen in the last experi- 
ment where the delay between pulses 
has been shortened to 1 msec. Being 
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LB^ = 02 A- .200 B- .200 HALTED 

TRACE A B TRIGGER +00000 ♦ LEVEL A 

TIME 000.001 000 DISPLAY 00000 + 0 

DATA ACQUIRED - COMriAr>ID? ' SWEEPH 000 



LEN = 02 A- ,200 B- .400 * HALTED 

TRACE A B R TRIGGER +00000 + LEVEL A 

TIME 000,001 000 DISPLAY 00000 ♦ 1 

DATA ACQUIRED - COMMAND? ^ SWEEPS 000 



FIGURE 3. Printout of screen display showing multiple twin pulses (top channel A) and biphasic action potentials (bottom 
channel B) from frog sciatic nerve. A, standard screen. B, expanded screen with four experiments displa>ed, deia> betweeri pulses 
ranges from 1 to 3.5 msec. 



computer 



able to print out the results of these 
four experiments simultaneously al- 
lows the student to understand the 
concept of relative and absolute re- 
fractory periods readily. Unlike a 
storage oscilloscope, the computer 
provides an immediate hardcopy of 
the data which can be labeled, an- 
notated, and incorporated into 
laboratory reports. 

The conduction velocity of human 
nerves is performed by the students 
on themselves using the Achilles 
tendon reflex and recording electri- 
cal activity in the gastrocnemius 
muscle. The equipment setup is 
shown in Figure 4. The construction 
of the reflex hammer and the experi- 
mental procedure are described in 
Oakley and Schafer*s Experimental 
Neurobiology laboratory manual.^ 
This experiment used an additional 
feature of the hardware, i.e., an ex- 
ternal trigger. In this case the com- 
puter waits for an external signal 
before it begins to collect data. When 
the reflex hammer strikes the 
Achilles tendon, the hammer circuit 
diagramed in Figure 4 is closed, the 
computer begins collecting data, and 
the event is recorded in channel A. 
Two recording electrodes on the skin 
surface above the gastrocnemius 
muscle pick up the reflex muscle 




Externo! 
trigger 



Achilles tendon 



FIGURE 4. Diagram of equipment for measuring respon.se time in the human 
Achilles tendon reflex. 




A .400 VOLT/DIV B 4.00 VOLT/niV 

TRACE A B TRIGGER A < START 
TIME 000.010 000 DISPLAY > 00000 + 0 
COMMAND : 

FIGURE 5. Printout of screen display of stimulus trigger (cliantiel A) and 
electromyograph (channel B) produced during Achilles tendon reflex experiment. 
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activity, and it appears on channel 
B. Figure 5 shows both responses. 
The time between stretching the 
Achilles tendon by a hammer blow 
and the reflex muscle contraction is 
about 33 msec. By measuring, the 
distance from the tendon to the 
spinal cord and back to the gastro- 
cnemius muscle on the experimental 
subject, the student can calculate 
the conduction velocity in meters/ 
sec. This value is then evaluated and 
compared with that of the frog sci- 
atic nerve. 

OTHER APPLICATIONS 

In another experiment, students 
measure respiration rate and cardiac 
electrical activity using a setup 
shown in Figure C. In this case the 
students can obtain a "chart'' e- 
cording of the data as shown in 
Figure 7. This type of printout pro- 
vides a hardcopy of the 1024 bytes 
of data collected in the computer 
memory just before collection time 
is halted, even though only 256 bytes 
are displayed on the screen. At this 
slow rate of collection, the computer 
collects and displays the data con- 
tinuously. (In the experiments de- 
scribed above, the computer is set to 
make a single collection that begins 
at time 0 and continues unt^ the 
memory buffer [1024 bytes] is full.) 
The **chart" printout is very similar 
to the type of data obtained with a 
two channel polygraph. However, in 
this case any portion of this collec- 
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Transducer 



tion of data can be r ' ;played on the 
computer screen, enlarged and ex- 
panded) and accurately measured 
with the vertical cursors. For exam- 
ple, the students can move, enlarge, 
and examine three ECG recordings, 
noting time intervals, identifying P, 
QRS and T waves, and determining 
voltages. They can then make a 
printout of their enlargement 

The experiments described aoove 
and the computers with accompany- 
ing electrical equipment have been 
used successfully in the introductory 
fresher.:,!! biology laboratories for 
the past two years. Because many 
students still had little exposure to 
computers and electronic equipment, 
I wrote a computer-assisted pro- 
gram using Superpilot language for 
the Apple computer. This program 
described the ^aipment and tested 
the students on their understanding. 
This probably could have been done 
with printed material, but it forced 
the students to learn how to boot a 
disk and overcome their resistance 
to computers before entering the 
lab. In addition, we required that 
they also use the COMPUTER- 
SCOPE program before coming to 
lab. They were given instructions on 
how to load a stored set of data and 
how to manipulate it on the screen 
so that they were familiar with the 
commands and potential of the pro- 
gram before using it to collect data. 
Au expected, some jumped right in 
and loved it, others were not too 




Pri»=f»jmoQr aph 

FIGURE 6. Diagram of equipment for measuring VICQ and respiration rale m 
human subjects. 




UU ■ 02 A' 1.00 0~ 1.00 HAUTCD 

TRACE A B TRIGGER ^0002$ ^ SLOPt' A 

Tllii 000. SOO OOu DISPLAY 00000 * 0 

DATA ACQUIRED - COmtAlW^ SHEEPn 00? 

FIGURE?. Printout of "chart" record- 
ing of respiration (channel A) and elec- 
trocardiogram (channel V , from a hu- 
man subject. This type of printout dis- 
plays all the data collected in memory 
(1024 bytes) whereas the previous 
printouts only show the first 256 bytes. 
However, any portion of the data in 
memory can be moved into the screen 
area for standard display and/or print- 
ing. 



excited. The required preparatory 
session made the labs run smoothly, 
and the students were able to help 
themselves out of most problems. 
We have found that investment in 
the computers and printers has given 
us the ability to perform many more 
sophisticated experiments than 
would have been possible with 
standard physiology equipment. In 
addition, the students, rather than 
the instructor, are doing the experi- 
ments. 

There is an additional sophisti- 
^'Ued software package that comes 
with the COMPUTERSCOPE that 
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we have used in the more advanced 
courses. This package allows wave- 
form integration, signal averaging, 
waveform comparison, and a histo- 
gram of intei-spike time intervals. 



! would like to acknowledge 
the superb help of two colleagues. 
Howard Kichenbauni and Carol Anne Paul, 



Most computer lessons are either 
simulations or tutorials. In a simula- 
tion, the student asks the questions 
of the computer, which answers by 
displaying, either graphically or 
numerically, the result of the condi- 
tions set by the student. Conversely, 
in the tutorial it is the computer 
which asks the question and the 
student who gives the answer. There 
is no compelling educational reason 
why a given computer-assisted in- 
struction (CAI) presentation should 
not be a mixture of these two, but 
for practical reasons, most presenta- 
tions are either one or the other; 
they generally involve quite differ- 
ent programming requirements. 

Tutorial material, which includes 
multiple choice questions and true/ 
false drill, is usually predominantly 
textual. The options that can be 
followed in mounting such mat- 
erial include authoring systems, 
authoring languages, and universal 
high level languages such as PAS- 
CAL, FORTRAN, and BASIC.*-2 

Despite the obvious benefits to be 
had from the use of authoring facili- 
ties, a large amount of CAI is writ- 
ten in universal languages. Disad- 



v\hu v\urked (ogttlur vvuh nit tu ^tt u\i (ht 
t'ie<*triral tniuipnient, design the experiments, 
and wnte the labyrators protocols 



REFERENCE 

1. Oakley B, Schafer R. Expenniental 
neurobiology: a laboratory manual. 
Ann Arbor, MI: Univ of Michigan 
Press, 1978. 



vantages of authoring facilities may 
include limitation to particular 
hardware and a constraint on ques- 
tion format and lesson structure. In 
the tertiary environment, many peo- 
ple using CAI have two motives. 
One is to use the currently available 
facilities to the best advantage of 
their students. The second is a 
genuine interest in improving those 
facilities. By the very nature of ter- 
tiary institutions, such interest is 
almost inevitable. It follows that 
very few academics will follow a 
course of action that constrains the 
question format, the program se- 
quencing, or indeed any significant 
variable. For those with an experi- 
mental approach to CAI, universal 
programming languages are usually 
the medium of choice. 

The choice, however, is fraught 
with danger. On average it takes 200 
hr to produce an hour of CAI. To 
produce good CAI, this option re- 
quires not only a grasp of the sub- 
ject being taught and of some educa- 
tional basics, but also of computer 
programming. Few are expert in all 
three fields, so lesson production 
becomes a joint effort of a pro- 



grammer with the computing knowl- 
edge and an academic who under- 
stands the subject being taught. 
Educational expertise resides with 
either or neither. Programming is so 
slow that it requires only a few 
simultaneous projects to produce a 
bottleneck with unacceptable delays 
between conception and execution of 
the lesson. Academic enthusiasm dies 
in the interim, and many projects 
never come to completion. 

Those projects that are completed 
are "hard-coded*'; each lesson is a 
separate computer program and 
must usually be rewritten if it is to 
run on another machine. Update 
and modification requires the com- 
puter code to be modified, fre- 
quently a difficult task where pro- 
gram structure and documentation 
are inadequate. 

By using a "driver" program, we 
can enjoy the best of both worlds. 
The concept is not new, and several 
drivers are currently in use. They 
facilitate lesson production and ex- 
change, but are "open-ended*' in the 
sense that any new format or facil- 
ity can be incorporated into a driver. 
Perhaps because they facilitate the 
exchange of lessons between institu- 
tions with dissimilar hardware, they 
have not been widely promoted 
commercially. 

A driver is something that a mod- 
erately proficient programmer can 
write for his institutic"»'s hardware. 
It is a single program, written once 
for any computer, which then 
accepts all lessons in a common for- 
mat. Consider the simplest of tasks, 
the presentation of a lesson com- 
prised of multiple choice questions. 
Instead of using a driver, one could 
write a computer program in which 
each line of each question was a 
"write" statement followed by 
"read'* statements for student 
answers and then by code for mark- 
ing and deciding which multiple 
choice question to a5k next. That 
would be "hard-coded." 

Alternatively one could put all 
the multiple choice questions in a 
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text file, following each by the cor- 
rect answers, and then write a sep- 
arate "driver' program that puts 
the first question on the screen, 
accepts the student's answer, com- 
pares it to the correct answer, adds 
a score, and decides which question 
to ask next. A new lesson would 
then require only a file of questions 
and answers; the lesson and the 
computer program have been sep- 
arated, and a new lesson requires no 
new programming. If a second, aif- 
ferent, computer is bought, the dri- 
ver needs to be rewritten only 
once to be able to run all currently 
available lessons. To introduce some 
new facility (a new scoring system, 
diagnostics if a meaningless answer 
is given, statistics recording student 
use) there is only one program, the 
driver, to change. The driver then 
applies the changes to every file of 
questions that it runs. 

The driver as described would 
have only one mode of action, multi- 
ple choice questions. To e>/end this 
it is necessary only to precede each 
question by some code, indicating 
whether it is multiple choice, true/ 
false, etc. The driver then calls up 
the procedure appropriate to that 
mode of question. We found that al 
the tutorial and patient manage- 
ment material accumulated in 
"hard-coded" BASIC at Flinders, 
encompassing some hundred lessons 
written over five years, rould be 
coded as sequences of six formats. 
Our driver has six "modes" corre- 
sponding to these, but it could be 
extended indefinitely by adding pro- 
cedures for other modes. Two of the 
six modes allow for writing text on 
the ' reen, followed by the prompt 
"Press RETURN to continue." One 
writes in the top two thirds of tixe 
screen, the other in the bottom third. 
This allows us to erase and use the 
bottom while leaving text above and 
is useful when ref^ponding to a stu- 
dent's incon-ect answer. Often the 
student nas simply misread the 
question and if this has been erasad, 
the ensuing explanation makes i.o 



sense. When the student suspects he 
has misread the question, it is best 
that it still be available for re-read- 
ing. 

v^uestions often invite an answer 
that can be right or wrong. Such 
questions will be followed by a bi- 
nary branch in the lesson, coded for 
in one mode of the driver. Because 
there is no logical reason why the 
two options should be right and 
wrong, we use the term " target." In 
this mode, the target can be defined 
as letters, numbers (plus or minus a 
percentage), or as a set of words. 
The prompt will be "answer with a 
single letter," "answer with a single 
digit," "give your answer as a deci- 
mal to 3 sig. fig.,'' or "give a single 
word answer," as apprr,)riate. 
Answers are classified i,^ being either 
off or on target, ana the program 
branches accordingly. 

With numerical problems requir- 
ing calculation, students often 
" help" each other by swapping the 
answer without swapping the mech- 
anism by whicn the answer is de- 
rived. To overcome this, we intro- 
duced a mode which we call "dy- 
namic target." This involves choos- 
ing some parameters randomly froni 
a range and adjusting the answer 
accordingly. Students get structur- 
ally identical problems with differ- 
ent answers. Thus, they can swap 
methods of solution but not "right 
answers." 

Some quevstions permit a variety 
of answers and demand branching to 
more than two locations. We limit 
this to single digit or single char- 
acter answers (within a predefined 
range). The lesson branches multi- 
ply according t' the answer. 

We have found it useful to have 
the driver keep two independent 
scores as the student progresses. For 
example, these might represent 
"knowledge" and "judgement" or 
"time in hospital" and "expenf.j" 
depending on the whim of the 
author. 

There are several benefits to be 
had from the use of such a driver. It 



maintains virtually all the freedom 
of hard-coding in a universal lan- 
guage; new que tion foiniats and 
new facilities can be added to the 
driver at any time. The writing of 
new Ussons using the driver is a 
"same day" task; typing in all the 
text, and even right and left margin 
justification can be carried out by a 
typist u ing the computer s editing 
or word procevssing facilities. Typo- 
graphical errors and ambiguities can 
be eliminated at this stage, before 
any computing staff are involved. 
Once the author of the lesson has 
checked the text file, it remains only 
to add the "control" information 
specifying question formats, aaswers, 
scores, and branching. This may be 
specified on a separate file or incor- 
porated in the text file. We follow 
the former strategy, but the practice 
is not u .iversal. The lesson will then 
run on any machine which has the 
driver. 

The use of drivers will facilitate 
lesson exchange if there are a few 
widely distributed drive,^. Obvi- 
ously a multiplicity of drivers would 
create a situation worse than no 
drivers at all, in which CAI libraries 
contained nearly as many drivers as 
lessons. Ideally, institutions contem- 
plating writing their own material 
would use one of the current drivers, 
adding one or more new question 
formats as demanded by their own 
educational philosophy. 
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ELSEVIER 



This issue of CL3E marks the com- 
pletion of two years of effort. It 
seems an appropriate time to eval- 
uate the progress of the newsletter 
and think about its continued devel- 
opment. To do this, it is best to first 
review the goals of the project at its 
inception and then to address how 
well the articles met those goals. 



HISTORICAL PERSPECTIVE 

The project began as a means of 
addressing several concerns associ- 
ated with the microcomputer explo- 
sion and the promotion of compu- 
ters in education by the computer 
industry. An atmosphere remini- 
scent of the late 1960s was develop- 
ing. It was during the late 1960s and 
early 1970s when interactive com- 



puting was in its infancy that claims 
were being made that the computer 
was going to make instruction more 
efficient, free up instructors* time, 
promote independent study, and 
provide a multitude of educational 
benefits not yet realized by man. 

Unfortunately, events did not 
support the claims. Most software 
took a " programmed learning" ap- 
proach and presented material in a 
question and answer format. Much 
of the software was not well-de- 
signed, and life science educators 
dismissed the computer as an expen- 
sive, time-consuming fad rather than 
considering it a valuable teaching 
tool. It was clear several years ago 
that the same fate was in store for 
the microcomputer unless the novice 
was able to benefit from the experi- 
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ence of educators who found the 
computer an asset. The first goal of 
CLSE, then, was to provide a com- 
municat on vehicle through which 
the novice could benefit fronri col- 
leagues who had found the computer 
a useful educational tool. 

The second goal was to promote 
communication among life science 
educators living in different aca- 
demic environments. The rationale 
behind this goal stems from the 
belief that faculty living and work- 
ing in a predominantly research- 
oriented environment (eg, medical 
school) can benefit substantially 
from the experience of faculty pri- 
marily engaged in teaching (eg, a 
four-year undergraduate college) and 
that materials designed with a 
specific student population in mind 
can often serve several diverse stu- 
dent populations. 

The newsletter format was chosen 
over ? journal format because, in a 
peer-reviewed medium, it allows 
sharing of anecdotal "tidbits" that 
often make the difference between 
success and failure when applying 
new technology. 

MEETING GOALS IN VOLUME 1 

The primary goal of volume 1 was to 
provide an overview of the diversity 
of computer applications in life sci- 
ence curricula. The inaugural issue 
set the tone for ensuing ssues. In 
that issue, the diversity of applica- 
tions was introduced with a caution 
that when using the computer as in 
educational tool, it is extremely im- 
portant to keep in mind the educ.i- 
tional goals of the application, the 
setting in which the computer is to 
be used, and the level of sophistica- 
tion of the intended audience."'* 
Schottelius explored the use of 
mathematical simulations in a small 
group conference setting,*-'^ and 
Kovick and Michael discuSvsed using 
the computer in a tutorial setting 
through computer lessons.^' Subse- 
quent issues provided additional in- 
sight into using computers for tu- 



torials^- and in small group con- 
ferences.'^ 

Computer use in the lecture hall 
was addressed from a number of 
standpoints. Mikitem ' expanded on 
Schottelius' theme of using mathe- 
matical simulations in a group set- 
ting by discussing his experien(*e in 
the lecture hall. His article pro\ided 
insight into the importance of mak- 
ing the technology transparent to 
the student, and it noted the posi- 
tive impact of this experience on 
student and instructor attitudes. 
Levine''* took a different approach 
to using the computer in the lecture 
hall. By using graphics to generate 
slides" during the lecture, he was 
able to build complex slides one step 
at a time and incorporate animation 
into the process. Both authoi^s make 
the software used in class available 
to students Tor review and further 
study. An important issue related to 
using computers in a group setting is 
the type and quality of video moni- 
tor used. Vincen/j'*' addressed this 
issue when he reviewed tun video 
projectors and their applicability to 
the lecture hall. 

Another area in which the com- 
puter has ~**oved beneficial is in the 
student laboratory. Barr and Stem' 
used a minicomputer system to re- 
place physiological recorders in stu- 
dent laboratories in a medical school 
environment. Heidcamp,'' on the 
other hand, incorporated microcom- 
puters into undergraduate compara- 
tive physiology laboratories. Both 
authors indicated that use of the 
computer in these settings helped 
students gain a better understand- 
ing ( f the experiments being run, in 
part btcause of the ability to analyze 
dat« easily. Students can focus on 
the science involvod rather than on 
details of the analysis. 

The breadth of articles in volume 
1 supported the hypothesis that 
communication among colleagues 
with students at differing educa- 
tional levels is important because 
similar approaches are applicable in 



multiple educational environment*;. 
Articles from the community college 
and four->ear undergraduate 
levels^ '' described similar ap- 
proaches to problems as those from 
medical, graduate, and postgraduate 
settings.^'-^'^'-'^-^'^ 

MEETING GOALS IN VOLUME 2 

Having sampled the spectrum of 
applications of computers in life sci- 
ence education currently used, the 
next step was to begin to provide 
more information of a "how-to" na- 
ture. Hence the primary goal of 
volume 2 was to delve into some 
applications in more depth and 
provide some of the " pearls of 
knowledge" harvested by colleagues 
experienced in using computers in 
the curriculum. 

This process actually began in 
volume I with an article intended to 
provide ammunition for the battle 
with the dean's office for hardware 
support and space acquisition' ' and 
with a discussion of factors to con- 
sider when designing input/output 
schemes for different educational 
settings."' 

The process continued with dis- 
cussions of authoring systems,'" 
software evaluation,^'* the "culture 
shock" experienced by health sci- 
ence students when dealing with 
computereze,*^' instructional design 
issues to consider when using graph- 
ics, ' interfacing the computer to 
analog devices for student labs,*' " 
and the practical details of using the 
comjjiter in the lecture hall. 

Articles by Holliday'^ and Meyers 
and Parsons^"' provided an interest- 
ing contrast in applying the same 
software iii an undergraduate set- 
ting. Holliday discussed his use of 
HUMAN,'*^ a physiological simula- 
tion, as it is supplied by the authors. 
Meyers and Parsons, on the other 
hand, modified the same software to 
fit their curricular needs. The key 
elements in this process, of course, 
are having access to the software s 
source code, and having software 
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that is designed in a modular for- 
mat, or at least with provision for 
understanding the logic behind the 
programming. 

Other articles provided insight 
into the copyright laws that pertain 
to software/ hardware acquisition 
for educational development,'^*^ a 
*;umber of issues related to tradi- 
tional computer-assisted instruc- 
tion, ^"^^ and use of generic video- 
discs;^ 

In another area of concern, John- 
sorf'^ provided valuable information 
for software seekers in a survey that 
resulted in a listing of computer- 
based instructional materials from 
over 40 vendors. 

Although this brief review of ma- 
terial in volumes 1 and 2 of CLSE 
has not included all articles and 
features, it suggests that we have 
made progress in achieving our ini- 
tial overall goals. 

WHAT DOES THE FUTURE HOLD? 

Perhaps the single most significant 
event to impact CLSE will occur 
next month as the newsletter be- 
comes the communication arm of 
the National Resource for Compu- 
ters in Life Science Educa*^ion. In 
making the transition, publication 
responsibility will be taken over by 
the National Resource, and Elsevier 
will no longer be involved with CLSE 
publication. The editorial board will 
remain essentially intact, and the 
aims and sr ->pe of the newsletter as 
stated on the back page will not 
change. The subscription rate will 
change, however, to better match 
the funding status of the readership. 

The National Resource for Com- 
puters in Life Science Education is a 
newly formed nonprofit organization 
aimed at cultivating collaborative 
efforts among faculty with expertise 
in using computers in life science 
education. The broad goal of this 
effort is fourfold: 1) to educate fa- 
culty in effective uses of computers 
in the curriculum; 2) to initiate re- 
search aimed at evaluating new ap- 



plications of the computer to life 
science education; 3) to develop a 
critical mass of high-quality, versa- 
tile software; and 4) to serve in a 
consultant capacity for life science 
faculty currently active or interested 
in becoming active in this r.rea. 
Volume 3 of CLSE will begin with a 
full description of the National Re- 
source and a discussion of philoso- 
phy behind the overall goal of the 
organization. Because the purpose of 
the Resource is service to the life 
science education community, your 
input will help shape the growth of 
the organization. If you have ideas, 
comments, or suggestions regarding 
development of the Resource, please 
send them to Harold Modell, PhD, 
Division of Nuclear Medicine, Mail 
Stop RC-70, University of Washing- 
ton, Seattle, WA 98195. 
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LHNCBC s commitment to am\- 
puter-based education in the health 
sciences. 

Although computer-aided learning 
has survived and even grown to 
some extent over the years, it ha 
not emerged as the change force in 
education that the staunch advo- 
cates predicted. In fact, the dif- 
ficulty of creating courseware, the 
limitations of visual presentations, 
and the restricted forms of interac - 
tion with the computer has caused a 
large proportion of the CAI materi- 
als to be educationally inadequate, 
and often boring. 

However, recent technological de- 
velopments, which include interac- 
tive laser discs, microprocessors, and 
voice recognition units, have trans- 
formed the concept of computer- 
aided le ling and reignited a gen- 
eral enf «siasm of educators for this 



method. These combined technolo- 
gies provide the educi with un- 
precedented capabilities for interac- 
tive and V'sual presentations, which 
point the way toward new educa- 
tional designs and suggest new theo- 
retical approaches to the process of 
medical education. In short, the new 
technology involving voice recogni- 
tion, interactive ndeodiscs, and mi- 
croprocessors seems to finally offer 
the fulfillment of the elusive prom- 
ises of ^'omputer-aided instruction. 



THE TIME PROJECT 
This opportunity is the basis for the 
TIME (Technological Innovations 
in Medical Education) project at 
LHNCBC. The project involves the 
development of a series of interac- 
tive case studies, which utilize voice 
recognition technology, micropro- 
cessors, and interactive laser discs to 
facilitate the process of learning in 
medicine. 

The first of these is a developmen- 
tal model to define the characteris- 
tics of the interactive simulation; to 
develop techniques for dramatic pre- 
sentation and effective interactivity; 
and to establish a multiple-disc 
player, voice-driven, micropro- 
cessor-controlled TIME delivery 
sy.stem. 

The developmental model 
portrays a simulated patient named 
Frank Hall, who is played by a 
professional actor. Frank Hall is a 
46-yr-old m? who comes to the 
emergency room complaining of 
weakness and abdominal pain after 
an episode of vomiting blood two 
days earlier. The Frank Hall case 
requires two videodiscs. Each disc 
contains a variety of scenes depict- 
ing the patient s current experience 
in the hospital and, through flash- 
backs, significant past experiences 
which are related to his present 
illness. Other scciies depict elements 
of the physical examination and rel- 
evant diagnostic tesUs and proce- 
dures. All scenes are available to the 
student in any order, on command. 



TECHNOLOGY IN MEDICAL 
EDUCATION— A CASE 
STUDY APPROACH 

William G. Harless 

Lister Hill National Center for Biomedical Communications, 
National Library of Medicine , Bethesda, Maryland 
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In effect, the student may do any 
of the following. 1) conduct an inter- 
view with the simulated patient, 
taking a complete medical history 
and gathering relevant sociological 
and psychological information in the 
proce^s; 2) request diagnostic proce- 
dures and perform a simulated 
physical examination; 3) admit the 
patient to the hospital and, after 
ordering diagnostic procedures and 
specifying a hospital management 
plan, observe the various hospital 
experiencas the patient has; 4) be 
faced with a crisis (ie, rebleed, MI, 
DTs) determined by the system; 5) 
discharge the patient and obser/e 
the outcome. 

Six characteristics are an integral 
part in the design of the Frank Hall 
interactive case study and distin- 
guish the TIME mode! as a unique 
resource in medical education. 

1. Uncued interaction allows thd 
learner to use his or her nature I 
spoken language while dealii g 
with the patient. 

2. Multiple health problems require 
multiple diagnoses for appro- 
priate management. 

3. A full range of medical, social, 
and clinical information avail- 
able to the learner in dynamic 
visual and audio form portrays 
the drama of the patient s condi- 
tion and life situation. 

4. Probabdity-baaed occurrences 
and outcomes reflect the real 
clinical environr nt. 

5. A dynamic, time-related manage- 
ment process responds to the 
learner \s independent, uncucni in- 
terventions. 

6. Algorithms provide the learner 
with formative feedback by im- 
mediately portraying the impact 
of his or her clinical interventions 
and summatiie feedback which 
conveys his or her overall perfor- 
mance as a physician with the 
situation at hand. 

The second and third TIME case 
studies will be created using the 



knowledge? and experience gained 
from the developmental model. Both 
will be placed in an academic setting 
with an experimental design and 
appropriate evaluation instruments 
to determine the effectivene.ss of this 
educational approach. It is hoped bv 
the TIME staff that these proto- 
typical interactive case studies will 
demonstrate to the medical academic 
conimunit> that new, highly desir- 
able approaches to the education of 
medical students is possible through 
the effective use of these technolo- 
gies 

EDUCATIONAL 
CONSIDERATIONS 
The Frank Hall case demonstrates 
the possibility for implementing 
effective, patient centered, problem 
oriented learning strategies by pro- 
viding the student with a believable, 
engaging clinical scenario which en- 
courages participation and requires 
that the student make independent 
decisions about the patient s situa- 
tion. Several attempts have been 
made to implement similar expe- 
riential learning strategies over the 
I)ast few years. Role playing, simu- 
lations by actors, and a variety of 
computer-aided simulations' ^ are 
among the noble efforts which have 
only partially succeeded in their at- 
tempts to provide patient centered, 
cost effective learning in the medical 
sch . j1 setting. The new technology, 
if properly designed, can succeed 
where others have failed in the effort 
to ground medical education in clini- 
cal experiences. 

In addition, instruction can be 
offered concerning relevant medical 
and scientific concepts, physical ex- 
amination techniques, and diagnos- 
tic procedures within the context 
that medical problem. For example, 
an adequate program design within 
the PVank Hall case will permit the 
student to receive instruction m per- 
forming a neurological exam, ex- 
amining the abdomen, taking vital 
sign.s, or starting an intravenous in- 
fusion. These tutorials are initiated 



by the student using the control 
word "instruction.'' Such contextual 
instruction can also be offered by 
the professor controlling the interac- 
tive case study in the classroom. He 
or she may determine a "teachable 
moment'' in the course of the case, 
freeze the action with the command 
"stop," and then lecture or .inswer 
questions. This efficient, effective 
process of con textual instruction" 
can resolve many of the contem- 
poraiy problems of information 
overload and student time con- 
straints dircussed in the recent 
GPEP report of the AAMC.^ 

Finally, in professional education 
it is essential that those being 
trained are helped to grow in their 
understanding of situations and their 
sensitivities to the human condition 
from the perspective of the profes- 
sion they represent/' Such consci- 
ousness raising is a specific goal of 
the TIME model. Implementation is 
accomplished through effective 
drama of the patient s experience 
designed to promote incidental in- 
sights about the patient's illness and 
revelations concerning the human 
condition. Also, the command word 
thoughts" is available at any time 
to the student, which will cause the 
unspoken thoughts of the patient to 
be heard. The student may, in this 
way, stay aware of the psychological 
complexities of the patient's situa- 
tion while he or she deals with the 
medical condition of the patient. 

TECHNOLOGICAL 
CONSIDERATIONS 
The TIME delivery system consists 
of an IBM PC/XT, Votan vo.je 
sy.stein (VPC-2()00), Red Max 
videodisc interface, three LDV-60(K) 
Pioneer videodisc players, and a 
Sony color monitor. The capabilities 
of the new technology for random 
access of high quality video and 
multiple audio tracks, coupled with 
the intelligence capacity of the coin- 
put (»r, make possible the creation of 
an effective interactive case sUidy 
which encompasses sophisticated 
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educational strategies while support- 
ing engaging dramatic situations. 
Specifically, the pur[)osesof the 
three component parts of the TIME 
delivery system are as follows: 

• Voice Recognition 

To make the technology invisible 
to the user. 

To allow uncued, natural language 
interaction. 

• Microprocessor 

To control the voice driven, multi- 
ple videodisc system. 
To support an intelligent interface 
between the user and the system. 
To support a dynamic, time- 
related simulation. 
To accomplish the tracking neces- 
sary to evaluate performance. 

• Videodisc 

To allow believable dramatization 
of the medical situation being 
simulated. 

To allow immediate access to a 
variety of dynamic video and audio 
material depicting clinical infor- 
mation about the patient (eg, en- 
doscopic views, physiologica 
sounds, radiographs). 

SUMMARY 

The TIME staff has been successful 
in producing a working prototype of 
a simulation which embodies the 
following characteristics: 1) uncued 
interaction with the system through 
voice recognition; 2) a patient with 
multiple diagnoses; 3) a full range of 
medical, social, and clinical data 
concerning that patient's condition 
and situation; 4) a dynamic time- 
related management intervention 
capability; 5) a model that provides 
summative, individual evaluation for 
any learner who interacts with the 
simulated patient. 

The prototype in its cunent stage 
of development has been presented 
to a variety of medical educators, 
professional groups, and organiza- 
tions; and immediate plans call for 
its use in the introduction to clinical 
medicine classroom of several medi- 
cal schools for field testing and 
evaluation. 



Currently the TIME staff is work- 
ing to complete the creation of two 
additional TIME interactive case 
studies which will also be field tested. 
Efforts are underway to track pre- 
cisely the costs of development and 
to develop more effective procedures 
for producing high quality, low cost 
interactive case studies. 
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ESTA BLISHMENT OF THE 
NATIONAL RESOURCE FOR 
COMPUTERS IN LIFE SCIENCE 
EDUCATION 

Harold L Modell 

Department of Radiology, University of Washington, Seattle, Washington 



The development of the microcomputer 
has focused new attention on the com- 
puter as an educational tool. Low cost, 
relatively portable computers offering 
high resolution graphics coupled with 
technological advances in video projec- 
tion and receding devices have created 
new opportunities for advancement in 
life science education. In addition to 
the role that the conputer has played in 
independent study settings through tra- 
diticmal computer-assisted-instruction, 
L^tis new technology offers the promise 
of revolutionizing classroom instruc- 



tion, transforming the traditional pas- 
sive learning milieu into an environ- 
ment in which active learning predomi- 
nates. Consider, for example, a physiol- 
ogy class 'performing* experiments 
using mathematical simulations, a bio- 
chemistry class studying structure by 
'manipulating* portions of molecules 
using three dimensional computer graph- 
ics techniques, or an introduction to 
clinical medicine class *interviewing* a 
patient through a videodisc based, 
unqued inquiry, clinical simulation. 
When coinpared to the activity that 
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would result in the life science commu- 
nity from a scientific development offer- 
ing the same magnitude of potential 
impact, advancement in this area has 
been minimal. The reward system in 
the life science community and avaU- 
ability of funding are two factors which 
have contributed to this slow rate of 
progress. 

The reward system in the life science 
community is, for the most part» di- 
rected toward scientific research produc- 
tivity. The recent GPEP report of the 
Association of American Medical Col- 
leges summarized the problem with 
respect to the medical school subgroup 
of this community, "Despite frequent 
assertions that the general professional 
education of medical students is the bas- 
ic mission of medical schools, it often 
occupies last place in the competition 
for faculty time and attention. Graduate 
students, residents, research, and patient 
care are accorded higher priorities ."^ 

Because external funding, one meas- 
ure of productivity, supporting person- 
nel involved in educational research and 
development efforts in the life sciences 
is difficult, at best, to identify, and be- 
cause educational research and develop- 
ment efforts in this area are labor inten- 
sive, few faculty arc willing to make 
the time commitment neces** ry to pur- 
sue these activities at the ex^nse of 
their scientific research efforts. Yet it 
is precisely these faculty whose content 
expertise is essential to development of 
high quality materials for use in the edu- 
cational oiena. 

Although a iiationally coordinated 
program does not exist currently, pro- 
gress is being made in this area by a 
relatively small group of individuals in 
a variety of disciplines and institutions. 
Interest in symposia and workshops fo- 
cused on computer based education held 
at national meetings of societies repre- 
senting the life science community (eg, 
AIBS, FASEB), however, demonstrates 
a growing interest by other faculty to 
use this technology. Attendees have 
repeatedly voiced the need for direction 
in effective use of computers in teach- 
ing as well as a critical mass of quality 



software versatile enough to allow tai- 
loring to a variety of curricula. A col- 
laborative effort among faculty with 
expertise in this area would represent a 
major step toward fulfilling these needs. 

THE NATIONAL RESOURCE 
The recendy established National Re- 
source for Conputers in Life Science 
Education (NRCLSE) is a non-profit 
oigainzation aimed at cultivating collab- 
orative efforts arAong faculty with exper- 
tise in using computers in life science 
education. The broad goal of the Re- 
source is fourfold: 

1) to educate faculty in effective uses of 
computers in the curriculum; 

2) to initiate research aimed at evalua- 
ting new applications of the con^pul- 
er to life science education; 

3) to develop a critical mass of high 
quality, versatile software; 

4) to serve in a consultant capacity for 
life science faculty currently active 
or interested in burning active in 
this area. 

Educating Faculty 

Educating faculty will be accomplished 
through several rcxhanisms. The first 
will be through Computers in Life 
Science Education. The goal of the 
newsletter will contine to be to provide 
a means of communication among life 
science educators in'^rested in using 
computers in their teaching efforts. 
Through publication of tutorial and 
review articles, faculty will have access 
to a regular source of information relat- 
ed to a variety of applications of com- 
puters in teaching. 

A series of workshops and symposia 
to be conducted in conjunction with 
national meetings of the life sciences 
community and at other times on a 
regional basis will provide a second 
vehicle for faculty education. The focus 
of these workshops will, in some cases, 
be broad based and, in other instances, 
be directed toward applications in st)e- 
cific curriculum areas represented by Re- 
source affiliates. FcM^ example, the 
first workshop in this effort will be 



broad based and deal with using the com- 
puter and video projector in the lecture 
hall. It will be presented in February at 
the annual meeting of the Association 
for the Development of Computer-based 
Instructional Systems (ADCIS) and re- 
peated in the fall at the annual meeting 
of the Ai^^erican Institute of Biological 
Sciences (AIBS). 

In addition to the woricshop format, 
the Resource will sponsor in-depth 
short courses (1-2 weeks) at affiliated 
sites in which 'student' faculty can gain 
experience in applying computers to 
teaching their area of expertise. 

It is anticipated that the Resource 
will also establish a visiting faculty 
program in which faculty interested in 
learning specific techniques associated 
with software development or presenta- 
tion can work intimately with investiga- 
tors active in the area. 

Research and Development 
Traditionally, the most extensive use of 
computers in education has been in the 
area of independent study. Applications 
have, for the most part, been limited to 
presentation of material through text 
and simple graphics (and, more recent- 
ly, pictorials using videodisc). Advance- 
ments in technology and computer tech- 
niques within the industrial complex 
(eg, computer-aided design, graphics 
simulations of terrain for flight simula- 
tors) offer considerable potential for 
application in the educational realm. 
The research and development effort of 
the Resource will be to instigate and 
coordinate a program-project approach 
to investi£,aiing innovative, cost-effec- 
tive applications this emerging tech- 
nology to teaching in the life sciences. 
Emphasis on evaluating the impact of 
these applications on student understand- 
ing will be stressed. 

Software Development 
Because software development is a time- 
intensive effort and one that is not 
viewed consistendy as 'scholarly* by 
promotion criteria, limited high quality 
software is available, and most avail- 
able software was developed with one 
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application in mind. As a result, soft- 
ware potentially applicable to a given 
topic, regardless of the curricular ap- 
proach, is limited to curricula sharing 
the presentaticm philosophy of the au- 
thor. An early task of the Resource in 
this area is to establish a set of guide- 
lines for software developn^nt aimed at 
making software versatile enough to fit 
into a variety of curricular applications. 
Because Resource collaborators will 
represent many life science disciplines, 
the software development effort will 
result in a critical mass of materials ad- 
hering to a common set of conventions. 

Software developed will be viewed in 
the same light as scientific data and, 
hence, will be disseminated on a non- 
profit basis with both executable and 
source code available. The dissemina- 
tion scheme will also give permission 
for purchasers to make copies of the 
software so that it can be utilized with- 
in the curriculum at a reasonable cost 

Consultation Services 
NRd^E will provide consultation 
services in several ways. In addition to 
the usual mode of personal contact (eg, 
telephone or correspondence), the Re- 
source will staff exhibits at national 
meetings attended by life science educa- 
tors. Tne puipose of the exhibits will 
be to make faculty aware of the Re- 
source and to provide consultation serv- 
ices. Also included in this goal is devel- 
opment of a mechanism whereby life 
science educators engaged in independ- 
ent software development projects can 
have their work critiqued by peers. 

Impact 

The potential impact of the Resource 
on life s .ence education is substantial. 
NRCLSE represents a coordinated, inter- 
disciplinary eflfort involving life science 
faculty distributed across the country. 
With establishment of this active com- 
munication vehicle, applications found 
to be effective in one discipline will be 
available for trial in other disciplines in 
a timely manner. In addition, by pro- 
moting development of versatile soft- 
wave adhering to a common set of de- 



sign and implementation conventions, a 
broad spectrum of student populations 
can be served, perhaps as broad as 
high school to post graduate medical 
training. 



FIRST PROJECTS 
Having reviewed the overall goals and 
potential impact of NRCLSE, it is 
appropriate to address the issue of how 
these goals will be met The key factor 
in achieving the goals of the Resource 
is establishment of a network of collab- 
orators widiin the life sciences. The 
first priority of the Resource will be 
indentifying colleagues who have a 
common interest in using the computer 
in their educational efforts. The first 
siep in thL process will be a mailing to 
chairmen of the nearly 2700 academic 
departments making up the life science 
community in the United States. The 
mailing will consist of this issue of 
CLT"' to provide a description of the 
Resource, and a letter encouraging all 
faculty with interests in tliis area to 
complete and return the questionnaire 
that appears on page 7 of this issue. 
The response will form the basis of 
several activities. 

Through responses to the question- 
naire and a polling of professional or- 
ganizations (eg, American Association 
of Medical Colleges, American Insti- 
tute of Biological Sciences, National 
Associati(xi of Biology Teachers, Soci- 
ety for College Science Teachers), com- 
mon interest areas will be identified, 
and those people falling into each inter- 
est area will be made aware of col- 
leagues in other institutions with simi- 
lar interests. In this way, a person-to- 
person communication network will be 
initiated. 

The questionnaire will also provide a 
base ftom which to identify expertise in 
various applications of computers in 
the curriculum- From this information, 
potential faculty for Resource sponsored 
workshops will be recruited, and a 
group willing to act as informal con- 
sults for peers will be established. 

A peer critique mechanism for re- 



viewing software will also be initiated. 
The review process for software requires 
consideration of a number of factors in- 
cluding instructional design and rele- 
vance to curriculum philosophy in addi- 
tion to content For this reason, the 
concept of peer review as it normally 
applies to scientific journal articles, 
implying acceptance or rejection, is not 
directly applicable to all software re- 
view. The purpose of this review mech- 
anism will be to provide constructive 
critique for colleagues developing educa- 
tional software. However, it is also im- 
portant that faculty be made aware of 
existing software and be given some 
information so that they can judge 
whether it will be helpful in their envi- 
ronment Hence, in addition to the 
periodic "Where's the Software" feature 
that has appeared in Volumes 1 and 2, 
reviews of selected software will be 
published in CLSE. 

Software Identification and 
Dissemination 

One serious problem facing faculty 
wishing to use the computer as a teach- 
ing tool is identification and procure- 
ment of quality software at a reasonable 
price. Many individuals have developed 
software specific to their content area 
but not broad enough to warrant atten- 
tion by commercial vendors. Because 
many authors view their software in the 
same light as their scientific data, that 
is, a scholarly 'Effort to be shared with 
peers rather than commercialized, they 
do not wish to deal with publishers that 
establish high prices and impose severe 
restrictions on copying. 

NRCLSE will attempt to identify 
this group of individuals and offer to 
provide a means of disseminating their 
software. The dissemination scheme 
will include a pricing schedule designed 
to reco^'er duplicating costs and, in 
some cases, developmental costs for the 
author. Because the intent is to dissem- 
inate rather than distribute software, all 
software distributed by the Resource 
will not be copy protected and will 
include permission for purchasers to 
make enough copies to provide the soft- 
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Tabic 1. Overview of Simulations in Physiology - The Respiratory System 



ware to appropriate students. Authors 
will be responsible for supporting their 
software. 

The first package to be made avail- 
able through this mechanism is a series 
of simulations in respiratory physiol- 
ogy.i-5 An earlier version of these pro- 
grams was distributed by the American 
Thoracic Society from 1975-1981. This 
revision, currently only available for 
the Apple n family of computers, in- 
cludes one or more pictorial representa- 
tions as part of the output of each pro- 
gram. These are designed to provide a 
conceptual aid to understanding the 
physiology involved, an indication of 
where values are measured, or a descrip- 
tion of the model and how it is solved^ 
The simulations were designed origi- 
nally to be used as laboratory exer- 
cises,3 but this revision has also been 
used in group settings.^ A student lab- 
oratory manual accompanies the series. 
The material covered by the series of 12 
programs is summarized in Table 1. 
The materials are priced as follows. 

• The executable (compiled) version of 
the programs (3 disks), documenta- 
tion, and one copy of the student 
laboratory manual is $100. 

• The source code (1 disk), documrnta- 
tion, and v^ne copy of the student lab- 
oratory manual is $100. 

• Student laboratory manuals are avail- 
able in quantities of 1-25 for $10.00 
each and $8.50 each for quantities 
above 25. 

FUNDING 

Funding for NRCLSE will be sought 
in three phases. Phase 1 funding will 
be sought for the starting projects out- 
lined above. Phase 2 will represent ini- 
tiation of rbseaich and development pro- 
jects. Phase 3 will build on phase 2 
funding to provide continued viability 
for the Resource. It is assumed t'^at 
subscriptioiis to Computers in Life 
Science Education will fund production 
of the nev/sletter. 



PROGRAM TITLE 

Static Relatioriships 

Dynamic Relationships I 



Woric of Breathing 
Dynamic Relationships II 



Alveolar Gas Exchange 

ChcmoregulaUun of 
Respiration 

O2 and CO2 Dissociation 
Curves 

Exchange from AUnosphere 
to Tissues 



Gas Exchange in a 
Single Alveolus 

The Non-Uniform Lung 



Overall Gas Exchange 



Acid Base Balance: 
Fundamental Relationships 



Phase 1 

Funding for identifying the critical 
mass of interested faculty, estauh'shing 
the communication network, setting up 
the peer critique mechanism, and other 
initial efforts will be sought as dona- 
tions Gc grants from foundations and 



MATERIAL COVERED 

Elastic properites of the lung, chest wall, 
and total respiratory system 

Effects of lung compliance and airway 
resistance on development of a tidal 
volume 

Oxygen cost of elastic, resistive, and 
total work during inspiration 

Respiratory dynamics in terms of the 
total respiratory system (lung and 
chest wall) 

Gas exchange between the atmosphere 
and the alveolar compartment 

Oxygen and carbon dioxide response 
curves 

Interrelationships between the 
O2 and CO2 dissociation curves 

Influence of alveolar ventilation, 
cardiac output, and anatomic shunt 
flow on arterial blood composition 
and gas exchange at the tissues 

Influence of ventilation-perfusion ratio 
and inspired g?3 on gas exchange 
in a single gas exchange unit 

Gas exchange from atmosphere to 
tissues with a lung having high and 
low ventilation-pcrfusion ratio areas 

G^" exchange from atmosphere to 
issues with a lung having high and 
low ventilation-pcrfusion ratio areas 
and an anatomic shunt 

Acid-base balance from a Base 
Excess point of view 



corporations with an interest in the use 
of computers in education. 

Phase 2 

This phase of funding will represent the 
beginning of research and development 
efforts. After the communication net- 
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work is.estabhwbed, colleagues will be 
solicited for preproposals for research 
and development projects that they 
would like to undertake. The Resource 
will tlien serve in a coordination and 
facilitation capacity to organize a series 
of program-project type grant propos- 
als. The preproposals will be grouped 
into theme areas, and investigators with 
similar interests will be encouraged to 
develop joint projects. Formal program- 
project proposals will then be developed 
for submission to government agencies 
and private foundations. Each of the 
component projects in the program- 
project will be subcontracted to the in- 
stitutions housing each of the respec- 
tive investigators. The role of the Re- 
source in this effort is two-fold: First, 
to promote research and development 
activity in this area, and second, to pro- 
vide a national focus to such efforts in 
an ifttempt to educate funding agencies 
with regard to the importance of this 
activity. 

By the end of this funding phase, the 
communic:;jon network will be well 
established, a group of active colleagues 
with sufficient exper ise to provide 
meaningful consultation will have been 
organized, and a criticU mass of versa- 
tile, transportable, computer-based edu- 



cational materials should be available in 
several curriculum areas to serve as a 
basis for developing Phase 3 funding. 

Phase 3 

Continued funding for the Resource 
will be based on a continuation of 
Ph?5e 2 efforts and on institutions sub- 
scribing to NRCLSE. Each subscriber 
would contribute a fixed amount (eg, 
1/2 FTE) to the Resource. In return, 
each member instituticMi would gain 
access to services and software outlined 
above. In additicMi, contributions for a 
critical mass of member institutions 
would allow the Resource to serve as a 
funding source for a limited number of 
peer reviewed proposals for research and 
development projects from member 
institutions. 

CONCLUSION 

The Resource can only function if it 
provides valuable support for that seg- 
ment of the life science community 
interested in using the computer as a 
tool in educational programs. It is cru- 
cial, therefore, that the Resource has in- 
put from that segment of the commu- 
nity (you). Please take time to com- 
plete the questionnaire on page 7 and 
return it al(mg with any suggestions. 



comments, critcism, etc. concerning 
NRCU.E to Harold Modell, NRCLSE, 
Mail Stop RC-70, University of Wash- 
ington, Seattle, WA 98195. 
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THE BULLETIN BOARD 



The Bulletin Board is published period- 
ically to inform readers of upcoming 
meetings of interest If you know of 
meetings, symposia, continuing educa- 
tion courses, etc, of interest to life 
science '"ducators that dc not appear in 
THE Bulletin board, please let us 

m. Send pertinent information to 
Dr. Harold Modell, NRCLSE, RC-70, 
University of Washington, Seattle, WA 
98195. 

March 31.April 1, 1986 Third 
National Symposium on Microcom- 
puters in Medical Education. Omaha, 
Nebraska. 

Contact: 

Robert 5. Wigton, MD 
Department of Internal Medicine 
University of Nebraska Medical 

Center 
42nd and Dewey Avenue 
Omaha, 68105 

April 16-18, 1986. Computers J>nd 
Nursing: A Dynamic Interface IV. 
Columbus, Ohio, 

Con>' 

Mary Beth Strauss, PhD, RN 
Director 

Cu.itinuing Education 
The Ohio State University 
College of Nursing 
1585 Neil Avenue 
Columbus, Oil 432ia 
(614) 422-5371 



May 2-5, 1986. Health Sciences 
Communications Association (HeSCA) 
1986 Annual Meeting. Denver, 
Colorado. 

Contact: 
Jim Barrett 

Center for Educational Resources, 
SB-56 

University of Washington 
Seattle, WA 98195 
(206) 545-1156 

or: 

Lionelle Elsesser 
Executive Director, HeSCA 
6105 Lindell Blvd 
St. Louis, MO 63112 

May 8-10, 1986. Computer 
applications in medicine and health 
care. AAMSI Congress 1986. 
Anaheim, California, 

Contact: 

Ben T. Williams, MD 
Director of Laboratories 
Mercy Hospital 
1400 West Park Avenue 
Vrbana,lL 6180 J 
(217)337-2175 

May 'lO-lS, 1986. EURIT, the 
European Conference on Information 
Technology in Education, 1986. 
Enschede, The Netherlands. 

Contact: 



Peter Sinninghe Damste 

c/o Twente University of Technology 

C.OJ. 

PO Box 217 
NL-7500 AE Enschede 
The Netherlands 



July 13-18, 1986. XXX 

International Congress ol* Physiological 
Sciences. Vancouver, Canada. 

A symposium and workshop on 
computer-based education in physiology 
are scheduled for July 16. 

Contact: 

Dr. K.E. Cooper 

Department of Medical Physiology 
University of Calgary 
Calgary, Alberta 
Canada T2N 4N1 



October 26-30, 1986. 5th World 
Congress on Medical Informatics. 
Washington, D.C. 

Contact: 

MEDINFO 86 Organizing Committee 
Secretariat: 

do George Washington University 

Medical Center 
Office of Continuing Medical 

Educat'^r 
2300 K' Street NW 
Washington. D.C. 20037 
(202) 67'i-8929 
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NATIONAL RESOURCE FOR COMPUTERS IN 
LIFE SCIENCE EDUCATION QUESTIONNAIRE 



To be effective in the effort to establi i a communication network among life science educators interested in using 
computers in fheir educational efforts, we need your help. Please take a few moments to complete the question- 
naire below and return it to: 

Harold ModeU. PhD 

NRCLSE 

Mail Stop RC-70 

University of Washington 

Seattle. WA 98195 

Name* 



Address: 



Phon^: 



State 



Zip 



What content areas do you teach? 



What student population(s) do you serve? (Please t ^eck the appropriate categories) 

Undergraduate Graduate Nursing 

Allied Health Dental Veterinary 

Other (please specifv) 

Yes 



Medical 



Are you currently using th' 
If yes: 



1 educational tool? 



No 



How many years have you used the computer in this way? 



What kind of equipme .t are you using (please check appropriate categories) 

Apple II family IBM or IBM compatible 

Macintosh Minicomputer .please specify) 

Mainframe (please specify) 



Have you written any software for use in your teaching efforts? Yes 

Would you be willing to help critique software for peers? Yes No 

Suggested workshop topics. Additional comments or suggestions concerning NR(XSE: 



No 
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AN ENTRY-LEVEL APPROACH 
TO INTERACTIVE VIDEO 
PROGRAM DEVELOPMENT 

John F. Moore 

Learning Resource Center, Virginia Polytechnic Institute and 
State University, Black tburg, Virginia 



An upsurge in interest in inteiactive 
video (IV) technology is occurring. In 
many institutions, though, some hesi- 
tation exists about experimenting with 
interactive video because it if thought 
to be too expensive, and not much soft- 
ware is available. Yet the desiie to ex- 
periment with this new medium contin- 
ues and, indeed, f^-ws as one reads 
about m(He and more projects getting 
underway. I think we can agree that in 
many instances it would be desirable to 
demonstrate the concept of interactive 
video in some practical way. Because 
of the lack of videodiscs in many sub- 
ject areas, interactive videotape (NT) 
has proven to be a successful strategy. 



Applying the medium to a real problem 
(not just oer^ng a demonstration pro- 
gram) is part of this strategy. 

PROJECT PLANNING 
The first step in planning an IV project 
is to acknowledge why you want to use 
IV. Determine what jMoblems you are 
trying to solve. Set some project 
goals, and try to reach agreement on the 
purpose of the project. Be sure co agree 
on the Ciflena for success. As is most 
of^ten tn:.e in micr jcomputers, good soft- 
ware and appro]:*nate applicaticHis 
should drive the selection of hardware. 
OKX)se your ai^lication wisely. Ensure 
that the problem you are trying to solve 
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is appropriate for this medium. Inter- 
active video has many exciting uses, 
but most may be categorized as tutorial, 
simulation, or as an information access 
tool. Often, applications will involve 
some combination of the three general 
program types. 

Try to bill your first IV project as a 
"learning experience" for the develop- 
ment staff. Go into the experience 
expecting to make a few mistakes and 
to learn from them. It would be a good 
idea to plan for a virtual revision of the 
pilot program after it is evaluated 
Starting the project with evaluation and 
revision in mind will let your program- 
development group capitalize quickly 
on what was learned from working 
through the process and testing the 
results. 

There are basically two approaches to 
developing interactive video. You can 
either create an original program or else 
adapt ("repurpose") an existing video- 
tape. Taking the first approach may 
result in a program that is better 
matched to your specific needs. Some 
unique design and production problems 
will be encountered, though. Even if 
you have access to a video production, 
there are substantive differences between 
producing traditional linear and interac- 
tive video programs. 

It may be easier and quicker to adapt 
an existing "linear" program. Doing 
this will let you explore the design and 
learning features of interactive video 
without getting involved in creating 
original video programming. For many 
beginners, this method is preferable. It 
lets the novice designer concentrate on 
those issues \ hich differentiate IV from 
traditional programming (ie, the design 
and use issues) rather than video produc- 
tion. After learning the basics of inter- 
active program design, perhaps, for a 
second project, an original production 
can be undertaken. This approach will 
probably produce a te';table first pro- 
gram in the shortest time while also 
teaching the design and production staff 
progression on the learning curve. 

HARDWARE 

It's important to look carefully at your 



existing resources. Does your institu- 
tion have video production capabilities? 
Is there a programmer available who 
can lend assistance when needed? Are 
there any personal computers that can 
be assigned to your interactive video 
project? If so, will there be enough 
other uses of the computers so that 
users of your interactive video program 
will have to compete for time on the 
equipment? Depending on your project 
goals, this may or may not be accept- 
able. Is there going to be a problem if 
you introduce a "new" brand of comput- 
er into yo^ )rganization? Similarly, 
are there relatively new industrial-grade 
videocassette players abeady available 
that can be allocated to your prc,\5ct? 
Although most interactive video com- 
puter interface cards work with three 
videotape formats (3/4 inch, VHS, and 
Beta), only certain players arc accept- 
able. The VCRs need to be industrial 
grade and have a connector which com- 
municates control track pulse informa- 
tion and directional control to the inter- 
faced computer. Most industrial Sony 
Beta-I WCRs and most Panasonic indus- 
trial VHS VCRs will worL Check 
with the interface manufacturers for 
compatibili^. Although it is possible 
:o use a 3/4 inch U-matic player, such 
as a Sony VP-5000, keep in mind that 
the advantages of the smaller Beta and 
VHS formats are faster search times and 
lower tape cosK 

It is wise to select an interface that 
can write an "address code" on the video- 
tape. This will insure frame accurate 
search and retrieval of video segments. 
The control pulse-counting nethod is 
less accurate. This lack of accuracy 
gets worse during successive i^pe 
searches and can become a serious prob- 
lem if your program gets heavy use. 
The frame address code is well worth 
any extra cost 

PROGRAM DESIGN 
Remember that interactive video is an 
"omnibus" medium which can provide 
targeted media treatments for specific 
needs. This profusion Oi information 
organization and delivery options is 
fundamental to t;ie medium's power. 



Yet juggUi.g these optioas can make 
designing an interactive program frus- 
trating. There arc ahnost too many 
options. Television is especially good 
for showing prxesses and dramatizing 
interpersonal relationships. Program 
ideas which are difficult to visualize 
may not be best suited for your first 
interactive video project A reasonable 
approach is to use video footage when 
there is a defmite need, not when there 
would be only a cosmetic enhancement 
to the {H^ogram's goals. Hash and 
glitter probably will not wear well in 
repeated viewings of the program. 

Suppose either a series of text frames 
or a short video segment might suffice 
in one portion of a program. Which 

0 >tion would be a better design choice? 

1 do not believe that the content itself 
should be the sole basis for this type of 
decision. Other factors, including the 
following, should be weighed. 

1) audience characteristics such as 
attention span; 

2) the lesson duration; 

3) the relative location of this segment 
within the overall lesson; 

4) the number of interactions which 
have already occurred; and 

5) the overall style of the presentation. 

It*s important to consider the program 
in a global fashion and put yourcelf in 
the student's place. For example, if 
five or six contiguous frames of text are 
needed, you should ask whether a short 
video segment might convey the same 
information in a more appealing man- 
ner. In such casef the design decisions 
are made accordirig to the situation, con- 
sidering the learner and what has likely 
already occurred while studying the pro- 
gram. There are no easy answers except 
to urge consideraticHi of the user as you 
seek to meet the program's goals. Vary 
the presentation modes to build visual 
power and learner interest 

DEVELOPMENT PROCESS 
Most instructional development litera- 
ture refers to the benefits of using a 
team approach. These teams consist of 
subject matter expert(s>, instructional 
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designer(s), and specialists in the produc- 
tion of software and video. Especially 
in a pilot project, try to familiariie the 
group's members with a basic under- 
standing of the iV information delivery 
process. Show them samples of other 
programs. 

The instructional designer may func- 
tion as project leader. As soon as possi- 
ble, the leader should work to help the 
group achieve a fairly cohesive and 
solid grasp of the project's purposes and 
goals. With these goals in mind, devote 
group time to brainstorming. Don't 
reject ideas as infeasible or in^ossible 
to achieve on your budget ch* with your 
equipment Get each person on the 
team to describe how they envision the 
program's style and structure. Make it 
safe for different approaches to be ex- 
plored by the group. Perhaps an excit- 
ing program structure or stylistic device 
will develop from this process, and the 
group can become more cohesive and 
willing to commit even more creative 
energy. 

A next step would be to match these 
brainstorming ideas with infcmiation 
that is routinely generated in the instruc- 
tional design process. This might in- 
clude audience characteristics, learning 
goals, and utilizaticxi constraints. Be 
careful that these factors are kept ' 
perspective and not allowed to over- 
whelm the ideas generated earlier. 

The group also needs to understand 
and agree on quality standards, budget, 
and taiget dates. It is helpful if the pro- 
ject team can meet frequently during the 
planning and design stage so that crea- 
tive momentum can be maintained 

PLANNING TREATMENTS 
During the development of each up**., it 
is helpful first to outline in narrative 
form what a student wiM see and do dur- 
ing each section or module of the pro- 
grant As this outline is created, an 
overall program flowchart should be 
sketch^. Flowcharts can quickly illus- 
trate a program's structure as well as 
indicate where gaps exist in treatment 
or logic. Since flowcharts are tedious 
tc create and will frequently change dur- 
ing the project, using some way to 



streamline the process is advisable. You 
might consider using a "flowchart ge.-. - 
atof" such as "Interactive Easyfiow** 
from HavenTree Software Limited (RR 
1, Seeley's Bay, Ontario, Canada, [613] 
542-7270). Look for elements that can 
be given common screen and/or graphic 
treatments, such as menu layouts, to 
help streamline production. Individual 
progam frames are then developed, 
using plaiming cards or stcnyboards. A 
more detailed flowchart can also be de- 
veloped virtually simultaneously. To- 
gether, these planning tools carry infw- 
mation about each frame's screen layout 
ideas, branch destinations, scene 
lengths, and other variables and factors 
that affect the dynamics of the presenta- 
tion. This information becomes the 
basis fcH* the production stage of the 
project 

As new ideas are added and eariier 
treatments modified, note the changes 
on the storyboards and flowcharts. Doc- 
umenting the prjgram structure in this 
way is essential to insure efficient use 
0^ dme during the initial tryout and 
deougging of the software. Try to keep 
the flowchart up to date; otherwise it 
will have little value during debugging 
when you are likely to need it most 

SOFTWARE PRODUCTION 
The computer software can be created 
using several dii'ferent ^roaches. Ex- 
amples include a general purpose lan- 
guage like BASIC or PASCAL, aCAI 
language like SuperPILOT or PC- 
PILOT, or an authoring system like 
"The Instructor" or QUEST. There are 
many tradeoffs involved in this deci- 
sion. Due consideration should be giv- 
en factors such as the availability and 
amount of programming expertise, pro- 
jected ease of software maintenance, and 
the applic;>tion's need for the power and 
speed of each authoring alternative. 

The scope and relative level of sophis- 
tication of the pf0gram(s) you are devel- 
oping should, in large measure, point 
to the level of sophistication in the pro- 
gramming power you will need Rela- 
tively simple tutorials and irfcmation- 
access programs can be produced ade- 
quately with either an authoring system 



or language. If you are creating a simu- 
lation CM" a program which interacts in 
real-time with other software (such as a 
database), a traditional computer lan- 
guage may be the least restrictive. 

If limited programming skills are 
available, an authoring system may be 
the best alternative. In the past, many 
authoring systems have forced compro- 
mises in the design of the program. 
Many such systems continue to be 
template-oriented which tends to force 
information and delivery styles into a 
prescribed pattern. Newer authoring 
systems show imjxovements in this 
regard, as they take a less prescribed, 
more "blank saeen" approach. F6r 
example, a popular, but relatively older 
authoring system, requires questions to 
consist only of text; no graces can be 
shown during a question. Similarly, 
questions cannot be posed during a vid- 
eo segment, for the keyboard is essen- 
tially locked to student input except for 
a program interrupt conmiand If using 
this authcHing system, the design team 
must deal with these limitations and 
develop alternatives, such as putting 
illustrations in a v/otJsbock for reference 
when answering questions. A newer 
authcxing system does not hive these 
limitations. 

The development team should be well 
aware of these kinds of limitations in 
whatever software is used However, it 
is better to start designing the program 
as if there were no such limitations and 
then alter the design to flt the authoring 
software. This approach will help by 
not limiting the initial creative think- 
ing, and it will often produce innova- 
tive ways to circumvent such software 
limitations. 

In choosing an authoring system, 
careftil attention should be given to 
several factors. Fcm* example, does the 
publisher require a run-time license for 
each machine on which your programs 
are run? If you decide to market your 
programs, is a license fee required? 
What is the publisher's record for sup- 
porting customers after the sale? Are 
software upoates issued regularly, and is 
there a charge f(H- them? Can you get 
knowledgeable help by telephcMie? Try 
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to get a list of current users from the 
publisher so that you can determine 
their level of satisfaction with the pro- 
duct Compare systems carefully, and 
insist on an adequate evaluation period 
before making a commitment 

PROGRAM MANAGEMENT 

Using a team approach will pay divi- 
dends in project management Each 
team member is assured a better, deeper 
understanding of the puipose of each 
lesson component, frame, and scene. 
Doing this also helps generate a better 
range of ideas in designing the program, 
Tiie project manager should develop a 



critical events timeline to help manage 
deadlines. Meeting this schedule can be 
partially assured by arranging for simul- 
taneous activities during the {Hoduction 
phase. Events need not be sequential 
during production; it iz more efficient if 
a variety of related activfdes can be un- 
derway at the same time. 

A point critical to a successful pro- 
ject is to insist on time for adequate try- 
out and revision <.^^ the materials. This 
is doubly important with a new techno- 
logy such as Interactive video since the 
design and induction of the programs 
involves more than the usual number of 
unknowns. Project schedules should 



allow forsevaal rounds of formative 
evaluation and subsequent revision. 

CONCLUSION 

Exploring how to produce and use inter- 
active video p-ograms can be a challeng- 
ing yet rewarding experience. Educators 
neel to seek practical applications that 
will bear on significant problems to 
help justify the time and expense of 
production. While we all have a great 
deal to learn about the usefuhiess of 
interactive video in various settings, we 
must be careliil to plan well and try to 
implement projects that can make a 
differeiKe in our institutions. 



VIDEO SIGNALS AND DEVICES IN 
INTERACTIVE VIDEO SYSTEMS 

Eric Halsey 

Center for Instructional Development and Research, University of Washington, Seattle, Washington 



In this decade, microconputers have put 
large-scale computing power into the 
hands of the individual, while at the 
same time, advancements in video tech- 
nology have made it possible to gener- 
ate, store, and instantly retrieve large 
amounts of high quality visual informa- 
tion. The marriage of these tv. o tech- 
nologies into interactive video jMiesenta- 
tion and teaching systems is ripe with 
promise for the future. 

Microcomputer technology springs 
from a tradition of intense specializa- 
tion and individualism where manufac- 
turers have encourage closed^ small- 
scale systems and where the barriers of 
noncompatibility have been conscious 
policies as often as not Computer 
users have expected good resolution but 
not very quick response times from 
their presentation systems, and they 
have not f een concerned with the long- 
distance transmission of images. All 
this is now changing. 

Video technology, ca the other hand, 
comes from a tradition of public broad- 
cast, where the need for compatibility 
with older technologies and with the 



emission and reception equipment of a 
whole nation have been a principal driv- 

^-*ice. Producers and consumers 
. ^ oeen concerned with the transmis- 
sion of good quality motion images 
over noisy channels and have not been 
overly concerned with high resolution. 
This, too, is changing. 

This article will discuss video presen- 
tation technologies from each of these 
converging traditions. The puipose is 
not to turn the reader into a television 
engines, but to provide basic qualita- 
tive information about devices and speci- 
fications needed when building systems 
for interactive video presentations. In- 
compatibilities must be overcome, but 
this can be done, and it has been done 
with gratifying results. 

TYPES OF VIDEO SIGNAL 
Color video production is based on the 
generation of vaiying combinations of 
red, green, and blue light on the surface 
of a television tube. The signals con- 
trolling the three colors can be kept sep- 
arate (RGB), combined into a single sig- 
nal (composite), or further modulated 



onto a radio frequency canier vave 
(VHF wave). 

In a typical conversion chain for a 
video signal, a television camera or sig- 
nal generating device such as a comput- 
er graphics board, generates separate red, 
green, and blue signals. An encoder 
combines these three signals together 
with a fourth synchronization (synch) 
signal that matches the variations in 
colcx" to tne sweep of an electron beam 
reading or writing the viedo image. 
This is the "oMnposite" signal. For 
long-distance transmission, the compos- 
ite signal is combined with an audio 
signal and then modulated onto a radio 
frequencey (Very High Frequency) carri- 
er wave that can then be broadcast or 
carried through cable. 

At the receiving end, a tuner (demod- 
uhtot) selects the VHF signal from a 
spectrum of similar signals and con- 
verts it back into separate composite 
and audio signals. Any display device 
(such as a televisicm set) that contains a 
tuner is called a receiver. 

A decoder can further separate the 
composite signal into itr» separate red. 
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green, blue, and synch signals. Display 
devices that accept composite or RGB 
inputs directly are generally called moni- 
tors. Monitors usually have RCA 
(stereo cable) connectors on the back for 
composite input or multi-pin connec- 
tors for RGB input Not all monitors 
have speakers. Those that do have con- 
nectors fcM- one or two channels of audio 
input as well. Another type of video 
display device, the color video projec- 
trr, is available in composite and RGB 
versions. Some video projectors, how- 
ever, include the provision of accepting 
either type of input signal. 

Devices such as videodisc players usu- 
ally provide VHF output (VHP out) or 
composite ouqxit (video out), and they 
can be used with either receivers or mon- 
itors. Note that in the VHF signal, the 
audio and video signals are combined* 
bu: in the composite signal, there is no 
audio. If a videodisc or videotape player 
is connected to a coii^ite monitor 
with a built-in speaker, separate audio 
connections to tfie nxxiitor must be 
made. The particular application will 
determine whether two audio leads 
(stereo) or only one (with a Y-cosmctor 
at the player) are sent to the mmitor. 

Many computer gr^hics boards pro- 
\ M both RGB (multi-p'*n) and compos- 
ite (RCA plug) output and thus, can be 
used with either RGB or composite 
monitors. There are, however, signifi- 
cant deficiencies in most con^uter- 
generated composite ou^uts, and these 
will be discussed below. 

SIGNAL PROCESSING AND 
RESOLoTION 

The conversion path from the (»iginal 
RGB source to the final display can 
avoid the VHF stage, the composite 
stage, or both. To gain the highest 
display resolution, it is always desirable 
to take the shortest path from source to 
display since both encoding RGB-to- 
composite and modulating composite-to- 
VHF are band-limiting processes, and 
signal infnmation is lost at each 
conversion. 

In order to avoid bandwidth limita- 
tions, compuicr color displays should 
have the RGB output of the computer 



connected directly to the ii^ut of an 
RGB monitor or projector. This ar- 
rangement i^aiuces good quality 80- 
column text in colo** If, however, the 
conq)uter grai^cs board is connected to 
a composite monitor or {^ejector, 80- 
column text is no longer readable in 
color. The qualification "in colof* is 
necessary because the color portion of 
the composite signal is the most degrad- 
ed Composite devices will, however, 
display readable 80-column text in 
monochrome. 

At a lower level of demand for resolu- 
tion, composite monitors orprojectcHS 
display good quality 40-column text in 
color. At the lowest level, televisiCKi 
receivers will display (via VHF) reada- 
ble 40-column text in black-and-white 
but not in color. 

HOW AN IMAGE IS DISPLAYED 
Once the RGB signal has been received 
aiKl decoded, the image being carried 
must be displayed on the face of a pic- 
ture tube. In the case of a video projec- 
iOT, the image on the face of the tube is 
further projected onto a viewing surface 
such as a wall screen. 

The image is painted by giowing 
phosphors that coat the inside of the 

INTERLACE 




viewing surface of the tube. In a mono- 
chrome display, there is oniy one color 
of phosphor activated by a beam of elec- 
trons from a single electron gun. In a 
color display, there are three guns 
whose beams pass through a mask to 
strike red, green, and blue phosphors 
arranged in tiny triads on the face of the 
tube. 

In either case, an electron beam scans 
the surface of the tube in a raster , a 
sequence of horizontal sweeps covering 
the viewing surface of the tube just as 
lines of printed text cover a page. In 
American (NTSQ television, there are 
525 hOTizontal lines in a raster, scanned 
from left to right and from top to bot- 
tom once every one thirtieth of a 
second, creating one video frame. 

A picture that is refreshed only every 
thirtieth of a second, however, has a 
visible flickering 2^)pearance, so the vid- 
eo image is actually refireshed twice as 
frequently by means of interlacing. The 
"odd" lines of the raster are scanned first 
to create a complete image (field 1) in 
one sixtieth of a second The "even" 
lines (field 2) are scanned a sixdeth of a 
second later (see Figure 1). In order to 
complete all 525 lines in one thirtieth 
of a second, the electron beam must 




VIDEO FRAME 
525 lines 
1/30 sec 



2624 lines 1/60 sec 262H lines 1/6O 



COMPUTER 




+ REPEAT 



262 lines 



1/6G sec 



FIGURE 1. Schematic repicseotation of how the raster is scanned with interlacing 
k lonn a broadcast video fhune (top) and without interlacing forming a computer 
viceo frame (bottom). 
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scan at the rate of 15750 Hz. 

Computer displays use a similar scan- 
ning technique, but with some differ- 
ences. In the IBM color display, for 
example, a 262-line field is scanned 
once every sixtieth of a second There 
is no intedacing in the computer 
image. The single field is repeated over 
and over each sixtieth of a second 

Because some of the scan lines in the 
computer display lie in the "border" 
area, and some are used up as the elec- 
tron beam j'lmps back to the top of the 
screen, only 200 lines are left for an 
acdve computer display area. These 
generate 25 lines of characters with 8 
scan lines per line of characters. 

The 525 scan lines in the raster 
should not be confused with the noru" 
nal resolution of the picture tube, 
which is also measuiol in hcxizontal 
lines. The nominal resolution is an 
empirical measurement of how well the 
picture tube reproduces a test pattern 
composed of sdtemating horizontal 
black and wtiite stripes, and, in the^y, 
it can range up to about 480 lines (340 
lines is a more realistic maximum for 
typical video images), 

THE COMPOSITE (Nl'SC) 
SIGNAL 

Composite video is a combination of 
red, green, blue, and synch signals into 
a single signal. In the United States 
and Japan, this is accomplished accord- 
ing to the National Television Stan- 
dards Committee (NTSQ standard 
Eixcopt uses a different standard, called 
the PAL standard while Mexico and 
Russia use the SECAM standard As 
far as American and Japanese equipment 
are concerned, NTSC can be considered 
a synonym for composite. 

In a typical NTSC wavefom (Figure 
2), each cluster of pulses corresponds to 
one sweep of the electron beam in the 
raster that paints a video picture on the 
face of the picture tube. The video por- 
tion of the signal has an amplitude of 
+.7 volts, and the hcMizontal synchroni- 
zation pulses have an amplitude of -.3 
volts and a frequency of 15750 Hz. This 
frequency corresponds to the horizontal 
sweep rate of the beam. Each pulse 



tells the beam to jump back to the left 
side of the raster. 

A vertical synchronization pulse oc- 
curs every sixtieth of a second (after 
262.5 lines have been scanned), and it 
teUs the beam when to begin its down- 
ward sweep. If the vertical synch pulse 
is a half-line late, the vertical sweep is 
a half line late, and the horizcmtal lines 
will be in the offset (interlaced) posi- 
tion required by field 2 of each video 
frame. 

The amplitude (liiminance) of the 
video signal ccmtrols the intensity of 
the electron beam as it sweeps across 
the surface of the picture tube, a high 
intensity producing bright colors and a 
low intensity producing dark during the 
sweep. The luminance infcmnation 
must be s nt !o the right color guns, 
and this distribution is omtrolled by the 
pha^ (chrominance) of each video 
pulse. The luminance and chrominance 
of the signal are sometimes called lum 
and chroma. They are measured rela^ve 
to the average voltage level and pha^e 
of a color burst reference signal placed 
within the waveform (Figure 3). 

USING NTSC DEVICES 
The NTSC Standard is just that Any 
two "NTSC/composite" devices should 
in theory, be able to commuricate with 
each other. In practice, however, sever- 
al difficulties arise. First. NTSC calls 




UlJ 



for a certain phase relationship between 
the color and synch signals. Most 
microcomputer graphics boards do not 
respect this part of the stancard while 
some video devices (such as 1-inch 
broadcast-type videotape recorders) 
require it 

The NTSC synch signal itself is 
somewhat complex. It consists of ver- 
tical and horizontal synch pulses along 
with equalizing pulses to align them. 
Although con5)uter graphics boards 
produce the vertical and horizontal 
synch pukes, they may or may not pro- 
duce an "industrial quality** signal, or 
they may not mix it in a standard way 
with the video signal. On the other 
hand all videotape re xxders rely on the 
synch pulses and correct mixing fo* 
head control. Thus, computer graphics 
or text can seldom be ccwnected directiy 
to any kind of tape recorder. 

The NTSC standard establishes a spe- 
cific mixing technique for the color 
bunt reference signal. Some computer 
graphics boards (including all IBM 
boards) ignore this part of the standard 
and simply superimpose the color burst 
on top of another portion of the video 
wavefcxm (Figure 3). This results in a 
colc^ signal with an elevated black-level 
which can only be captured by compos- 
ite moniiCHis with an exceptionally wide 
tuning range. The IBM color graphics 
boards, when used with most composite 
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FIGURE 2. Schcmauc representation of a typical NTSC waveform. 
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The phase difference here 

directs the LUMINANCE information 

to the correct (red. green, blue) gun. 
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FIGURE 3. Video signal showing the location of the color burst and chroma signals 
Geft panel). The average voltage of the color burst sets the black level. The right panel 
shows the location of the color burst nom the IBM Coloi/Gr^hics Ad^tor. Because the 
average voltage of this z'gnal is higher than the NTSC standard, the blacK level is higher. 



video monitors, will only i»:oduce a 
black-and-white display or a display in 
which only one color has been capaued. 

Videodisc and videotape players are 
ele *iomechanical devices, and ''S such, 
they lack the 3-nanosecond accuracy 
required by the NTSC standard for a 
stable vido) image. An electronic box 
that mediates such an "imperfect" me- 
chanical device and a "perfect" extei:ial 
NTSC signal is called a time-base 
corrector (TBC). MostTBCs, like the 
videotape recorders themselves, will not 
respond to any composite video sicoial 
whose synch portion has been oversmi- 
plified Specifically, TBCs expect alter- 
nate vmical synch pulses to be delayed 
in a manner consistent with intedacing. 

Many computer/video overiay boards 
use a "genlock" circuit that solves this 
I^oblem by keeping the c nposite out- 
put signal of the computer locked-in 
with the variations of the attached video- 
tape or videodisc player. Genlock cir- 
cuits only w(Mk, howeviT, when they 
are receiving an active signal from the 
player. After a pause or search, they 
must relock, which may cause a 
momentary disturbance in the video 
display. 

An informal distinction is often made 
between "conputer" and "broadcast" 
composite monitors. However, NTSC 
is NTSC. Such monit(MS are, theoreti- 
cally, indistinguishable, and in practice, 
they differ only in superficial details. 
"Computer^ composite monitors are set 
to underscan (the video image does not 
fill up the whole face of the tube); they 
have built-in RCA connectors for in- 
put; and they have relatively wide tun- 
ing ranges. On the other hand, "broad- 
cast" composite monitors are set to 
overscan; they are jHOvided with BNC 
(push-twist) or UHF coa/ial (screw-on) 
connectors, and they have idaavely 
narrow tuning ranges. 

RGB SIGNALS 

Aldiough the various forms of compos- 
ite signal are all more or less a'^curate 
approximations of the NTSC standard, 
there are two fundamentally different 
types of RGB signal, analog RGB and 
digital RGB. Both types of RGB keep 



the red, green, blue, and synch signals 
separate, and t*'?y require multi-pin con- 
nectcHS. There is one exception. A 
digital RGB signal can have a signal 
that combines the synch with the green 
color signal (synch-in-green). 

As the names suggest, analog RGB 
allows a continuous variation in the 
intensity of the color signals, while 
digital RGB allows only certain discrete 
levels. Analog RGB is the more expen- 
sive of the two technologies and, in 
some sense, is the "best" It produces 
an infmite varied of colors at high res- 
olution, it is produced by some graph- 
ics boards (which therefore require "ana- 
log RGB" monitors), and it is used in 
some closed-circuit TV applications. 

Digital RGB is usually called 771 
RGB (TTL is an acronym for the 
phrase, Transistor-Transistor-Logic, but 
it has come to refer more broadly to any 
video signal with an onplitude of rough- 
ly 5 volts). 11^ simplest form of TTL 
RGB allows e ch of the three {vimdry 
colors to be "on" or "off," and thus, it 
can carry eight colors altogether. A 
variation on TTL RGB has three levels 
of luminance information coded into the 
colw pulses. For example, the IBM 
color grai^cs board allows off, low, or 
high intensity, so Chat it provides 16 
colors. L jards with 16 levels of inten- 
sity (4096 colcH^) are widely available. 
Multilevel TTL signals provide so 
many colc^ that they are distinguish- 



able from analog RGB primarily by 
their voltage levels. 

Analog and TTL RGB monitors are 
not compatible, but there are monitors 
which switch between tiie two modes. 
Most RGB monitors will accept synch- 
in-green RGB. Special synch-in-green 
monitors can be used as green mono- 
chrome monitors for high-resolution 
applications. Finally, there are moni- 
tors that are switchi^le between the 
conq)osite and RGB modes. The 
switching may be accomplished by a 
hardware switch on the monitor itself or 
by software drivers from a computer. 

CONCLUSION 

It is obvious from the foregoing discus- 
sion that many computer manufacturers 
have created their own "standards" with 
respect to the way Li which their equip- 
ment deals with video signals. A« a 
result, they have been able to provide a 
number of features (eg, higher resolu- 
tion) not commonly available in the 
broadcast medium. However, because 
of the variety of ways in which these 
signals are handled, one cannot assume 
that the images that one sees with a 
given computer and monitor (or projec- 
tor) will appear the same when used 
with r different monitor (or projector). 
Hence, before using such devices for 
teaching purposes, it is always advis- 
able to test ouq)uts on the specific com- 
puter-monit(M* combination to be used. 
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The .American Association of Medical 
Colleges (AA^-1C) has identified several 
problem areas in medical education that 
are amenaMe to correction by the use of 
computer-assisted instruction (CAI)i, 
These include the following: 

• Students are required to memorize a 
vast amount of factual detail without 
learning concepts necessary to orga- 
nize them. 

• There is a need for faculty to identify 



concepts and principles rather than 
pre^ont only data, 

• There is a need to help students be- 
come independent learners and prob- 
lem solvers. 

• There is a need to promote indepen- 
dent study and reduce formal lecture 
time. 

► There is a need to increase small 
group interaction. 
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Based on these concerns, we obtained 
a grant to begin implementing a CAI 
program in the 6 week family practice 
preceptorship of the 3rd year medical 
school curriculum. The details of this 
program have been desciibed elsewhere.^ 
Ten Apple //e computers were pur- 
chased for use by students. Software 
covering case studies of the most fre- 
quent diagnoses seen in a family prac- 
tice setting was developed by this depart- 
ment or purchased from outside sources. 
Topics included otitis media, diabetes, 
acute pyelonephritis, vaginitis, and 
upper respiratory tract infections. 

IMPLEMENTATION 

Based on the intended role of the exer- 
cise, a distinction has been made be- 
tween two major types of CAL The 
first, Adjunct CAI, merely supplements 
the learning situation and is meant to 
facilitate learning with the traditional 
methods of teaching. By contrast. Pri- 
mary CAI is CAI that presumes to be a 
:tand-alone instructional tool in which, 
for instance, a whole course is "taught" 
by the computer.^ Adjunct CAI is the 
type of instruction used in the Family 
Practice Project and will be .he focus of 
this discussion. 
The first stage in the development of 
this project was acquisition of appropri- 
ate software. This was done in two 
phases. One phase was the develop- 
ment of cases by faculty here at the 
University of South Alabama using 
MED-CAPS, a computer-assisted in- 
structional system that simulated a 
diagnostic patient woik-up. This 
system was licensed by the Health 
Sciences Consortium in Carrboro, 
North Carolina. It required that various 
cases be authored at the University of 
South Alabama and sent back to the 
Health Sciences Consortium for config- 
uration onto computer disks. This 
created certain formidable problems. 
Corrections of eu'ors and text changes 
could not be ;riade direcdy but rathei 
had to be made through long distance 
correspondence- It required several 
months of writing, rewriting, and field 
testing to develop the Family Practice 
Problem Set which is now published 



by the Health Sciences Consortium. 
Also, despite corrections and field test- 
ing, there remain a ''jw minor but no- 
ticeable errors in some of the programs 
which hopefully will be corrected in the 
near future. 

In a parallel phase, a search was begun 
for vendors of other software that would 
be valuable in doing the same sorts of 
clinical problem sdving using com- 
puter-assisted instruction. Other 
computer-assisted instruction software 
that were subsequendy purchased came 
from CME, Inc.; Cyberlog, published 
by Cardinal Health Systems, Inc.; and 
programs on alcoholism made available 
through Downstate Medical Center at 
Cornell University. 

A number of problems emerged as 
soon as the computers were purchased 
and the software was acquired. 

First, we had no experience with 
students carrying hardware into rural 
locations, transporting the machines in 
their cars, and leaving them in motel 
roons and hospital call rooms. Also 
funds were not available to put the 
machines under any sort of extended 
warranty. An initial concern was how 
long the machines would hold up given 
this type of wear and tear. A similar 
concem existed for the software, in that 
the software would be transported from 
place to place with no control over th.e 
environment in which it would be used. 

The second problem was the logistics 
of having 10 computers with all their 
attendant cords, power supplies and 
software, as well as the security for this 
equipment, when it was not in use by 
students. 

The third concem was teaching the 
students how to be comfortable with 
the machines for 'hose who had never 
used a personal computer. 

The fourth and perhaps the most im- 
portant concem was exacdy how to in- 
corporate computer-assisted instruction 
into the curriculum to maximize the 
learning experience for the students 
while getting the student's preceptors to 
accept the computers and the cept of 
CAI. 

With these concerns in mind .mple- 
mentation was begun. Thisir. luded 



educating the preceptors, who would 
have students at their locations, on die 
value of ^AI. An evening dinner meet- 
ing was calleo with die various precep- 
tors, and a presentation was made con- 
cerning the computer-assisted instruc- 
tion project After die presenladon, the 
preceptors had the opportunity to have 
hands-on experience with the computers 
and to examine a few of the cases for 
themselves. Local television coverage 
was arranged for this meeting, and the 
re.sponse was basically favorable. 

With the stage now set, the computers 
were sent out with the students to their 
rural locations. At die beginning of die 
student's rotation, a one hour lecture 
and demonstration was inserted into die 
curriculum. During diis Hour, students 
were given a very brief overview of die 
concepts CAI, and a small amount of 
computer dieory was presented. This 
session included topics such as basic 
inst -ucdons in computer operation, 
problems diat might be encountered 
widi die computer, basic trouble- 
shoodng, and how to handle die soft- 
ware. The end of diis hour session was 
again a hands-on experience, so diat die 
students diemselves could use die com- 
puter before actually taking it out One 
of the off-shoots of diis Uitorial expe- 
rience was an observadon diat small 
group interacdon could be facilitated 
using the computer. Having two or 
diree students around a computer work- 
ing die same problem radier dian one 
student per computer could be a valu- 
able learning experience. 

The students were dien assigned dieir 
own computer and software to be tak^n 
to dieir rural family pracdce preceptor- 
ship sites. They were asked as pari of 
die course curriculum to go du-ough 
each of die ten MED>CAPS cases as 
well as 'he various odier CAI exercises. 

PROBLEM AREAS 
A basic problem became apparent widi 
this mode of computer use. From feed- 
back given by some of die students, it 
was apparent diat die CAI as a stand- 
alone tool became anodier tool very 
similar to die textbook. The same 
material could be gleaned by reading 
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rather than by going through a case and 
having the computer interaction. Also, 
the material contained in the CAI pro- 
grams were ubiquitous to medicine in 
general, and it was difficult to test 
whether specific knowledge had resulted 
from a computer- assisted instruction 
case per se, from a student's previous 
exposure to the problem or from merely 
reading about a particular topic. 

Over time, it became obvious that 
group interaction would be helpful if 
the computer-assisted instruction pro- 
grams were going to gain wide accept- 
ance from the students. So, in response 
to this percep' on, a schedule was given 
to the students in which they were ex- 
pected to go over a certain CAI case 
(eg acute pyelonephritis) by a certain 
date in the rotation. On that date the 
students, having done the case on their 
own, met with one of the faculty mem- 
bers in a small group setting to go over 
the particular case. At that time the 
case was discussed, didactic material 
was presented, and group interaction 
ensued. Since beginning the group in- 
stnictioii, the response to the computer- 
assisted instruction has become over- 
whelmingly favorable. 



I believe that the favorable response is 
a function of two things. First, a defi- 
nite structure is given to the use of the 
computer rather than merely assigning 
the students a number of cases without 
personal feedback. Second, the group 
interaction is stimulated and structured 
by a faculty facilitator. 

FUTURE DIRECTIONS 
Current plans c W for a continuation of 
the computer-assisted instruction in the 
curriculum. It is hoped that new CAI 
cases will be generated so that the soft- 
ware library will continue to expand. 

Some students have been interested in 
using other available software including 
logic games or word processing. IVint- 
ers have been made available to the stu- 
dents, and some students with previous 
computer training have written pro- 
grams of their own. 

The department has bee., able to pur- 
chase some reconditioned videodisc 
players recently, and interactive video is 
beginning to be used as another learn- 
ing modality within the department. 
Interactive video programs on primary 
care Radiology and Dermatology have 
been acquired from the National Library 



of Medicine with the help of Dr. Jim 
Woods. Several authoring systems for 
interactive video have been acquired and 
should allow the faculty and students to 
use existing videodisc technology to 
author our own educational materials. 
It is also hoped that the advanced cardiac 
life support and chest pain cases course 
developed by Dr. Abdullah M. Abdullah 
from the Medical College of Georgia 
will be acquired sometime in the near 
future. 
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Currently available Computer-Based 
Education (CBE) programs, even the 
best of them, are "dumb". Your favor- 
ite piece of teaching software - however 
interactive it may seem to the student 
user and however much it appears to 
offer each user an individualized expen- 
ence - suffers from two significant limi- 
tations that must reduce its effective- 
ness as a learning resource. 

Toda/s CBE programs are interactive 
only in a restricted sense. They can ask 
a question of the user and branch to 



different responses determined, possibly 
in complex ways, by the answers pro- 
vided. The user, however, cannot asK a 
question of the program if he or she 
does not understand a concept being 
developed or the explanation just pre- 
sented; the dialogue is essentially unidi- 
rectional. A human tutor behaving in 
such a fashion would not receive very 
high marks as a teacher! 

As a consequence, at least in part be* 
cause of this very limited form of inter- 
action, current CBE software actually 



does a very poor job of individualizing 
the teaching experience obtained by 
different students. Regardless of the 
nature of the error in a student's prob- 
lem solving processes or in his or her 
knowledge base, each wrong answer 
elicits exactly the same feedback! 

Artificial intelligence researchers are 
attempting to remedy these limitations 
through the creation of "intelligent" 
CAI (ICAI) programs, often called 
smart tutors. This work is exciting for 
a number oi' reasons. It promises more 
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effective teaching programs in the fu- 
ture; it is generating "tools" of great 
usefulness in current "conventional" 
CBE progran-w; and it is beginning to 
provide us with important insights 
about the teaching/learning process. 

A program that can tutor a student suc- 
cessfully in some subject matter do- 
main must have the ability to do the 
following: 

1) "converse" in natural language, un- 
derstanding the text entered at the 
keyboard by the user and, in ?um, 
generating appropriate replies; 

2) solve problems in the domain that it 
is designed to teach so that it, too, 
knows the "right" answer and how to 
arrive at it; 

3) be able to create a "model" of the 
student learning that is underway; 

4) be able to generate a tutoring strat- 
egy likely to correct the "bugs" that 
it detects in the student's thinking. 

This is no small order! Frankly, prog- 
ress towards the development of smart 
tutors has been slow. 

One of the chief difficulties has been 
the implementation of an interface for 
user-computer communications. The 
usual multiple choice format employed 
in most CBE programs is severely lim- 
ited as a response mode, and it is of no 
use as a means of querying the tuOr. 
Newer software tools such as multiple 
windowed menus may offer a different 
approach to a form of two-way conmiu- 
nications between the program and the 
user that is sufficiently flexible for use 
in ICAI programs. In spite of the great 
difficulty involved, however, most 
workers in this field have attempted to 
create a natural language environment 
in which the user can "talk to" the com- 
puter, and the computer can generate 
(not store) appropriate responses to us 
inputs. Even if such capabilities exist 
only in nanowly defined subject matter 
domains and usually employ an artifi- 
cially lirnite*] language (minimal vocab- 
ulary, stereotyped syntax, etc), natural 
language is seen as essenaal for a smart 
tutor by most workers. 



CHARACTERISTICS OF A 
SMART TLTOR 

A truly smart tutor will also have to be 
an "expert system" in the domain in 
which it is tutoring. This means that 
it must possess the ability to solve the 
problems that the student is attempting 
to solve. This expertise can then serve 
as the basis for examining the students' 
attempt at a solution, the comparison 
revealing errors in process or know- 
ledge. The development of expert sys- 
tems is proceeding at a rapid rate, with 
each issue of any computer magczir... 
containing ads for new, commercially 
available programs. While most of 
these have limited applicability to the 
kinds of problems in the life sciences 
that we want our students to solve, 
tliere are several programs whose per- 
formance rivals that of human "experts" 
on quite sophisticated problems. 

For an ICAI program to "understand" 
the inputs provided by a student, it will 
be necessary for the program to be able 
to model the learning that is occurring. 
Such a model of student learning will 
be based in part on extemal knowledge 
gained from studies and experiments in 
cognitive psychology and in part from 
an internal analysis of the inputs pro- 
vided by the user. This program mod- 
ule will then compare the pattern of 
student responses to erher some "ideal- 
ized" model of studen learning or to the 
problem-solving proce • generated by 
the internal expert system. In either 
case, the differences will point to 
"bugs" in those aspects of the student's 
performance that need correction. Suc- 
cessful student models have been gener- 
ated 01 y for simple, stereotyped proces- 
ses, such as subtracting two- or three- 
digit numbers, or for problem-solving 
in circumscribed problem domains such 
as fault-finding in electronic power 
supplies. 

Once detected, student bugs must be 
remedied by computer-directed interven- 
tion carefully designed to ensure contin- 
ued active learning and maintained inter- 
est. Tutoring strategies vary with the 
nature of the domain, the type of pro- 
cess being learned, the age of the stu- 



dents, and their degree of prior sophisti- 
cation in problem solving. Here too, 
successful tutoring has been limited to 
carefully constrained situations. 

EXISTING SMART TUTORS 
A modest number of smart tutors have 
been developed, fully or in part, dealing 
with such topics (domains) as: subtrac- 
tion Pebuggy), geometry proofs, alge- 
bra, addition of fractions, symbolic in- 
tegration, solution of quadratic equa- 
tions, logic and set theory (Excheck), 
Lisp and FORTRAN programming, a 
maze exploration game (Wumpus), an 
arithmetic game (How the West Was 
Won), physical geography (the causes 
of rainfall - Why), equipment servicing, 
the interpretation of NMR spectra, medi- 
cal diagnosis (infectious disease - 
Guidon), ?nd circuit testing of power 
supplies (Sophie\ 

While the abc^e list is not exhaus- 
tive, it IS evident that nearly half of 
these smart tutors deal with arithmetic 
or mathematics, domains in which the 
procedures are fully describable, even if 
the problem-solving process itself re- 
mains .nuch less obvious. All of the 
remaining domains are ones in which 
the procedures are also moderately small 
iM number and are more or less com- 
pletely deicribable. 

To fully appreciate the complexity of 
die task facing the developer of a smart 
tutor, let us examine in some detail two 
of tne smart tutors listed above.^ We 
will first look at Debuggy, a program 
that deals with a seemingly simple pro- 
cess, subtraction of two numbers. We 
will then examine Sophie, a smart tutor 
that deals with diagnosis, a class of 
problems common to many biomedical 
science disciplines. 

Debuggy 

Subracting two numbers is a seemingly 
simple task, although mastery of it 
takes much practice by learners. The 
developers of Debuggy point out that 
"subtraction is simple enough that it is 
possible to diagnose real students [more 
than a thousand students over several 
years] in a natural setting [real class- 
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rooms] and complex enough to provide 
an interesting case study of the subtle- 
ties involved." One of the obvious 
"simplicities" is the fact that no lan- 
guage processing is required to deal 
with this problem. Further, the devel- 
opers have focused only on the prob- 
lem of determining the nature of the 
errors that are present in the students' 
procedures (developing a model for the 
learner and the bugs, errors in a proce- 
dural skill, ihat explain the past errors 
that were made and predicts those that 
will occur on subsequent problems). 

Nevertheless, the problem is a formid- 
able one. As simple as the procedure 
for subtracting two numbers may seem 
to the expert, a set of 58 subskills have 
been identified. And the total number 
of bugs that was identified was 120! 
The task, then, was to identify (diag- 
nose) which bug(s) from tliis long list 
best explained the students' test results 
(off-line) or on-going performance (an- 
swers to future problems to be delivered 
to the student). 

In order to utilize Debuggy as an on- 
line coach it was necessary to develop a 
way of generating problems for delivery 
to the students that would most effi- 
ciently (least number of problems re- 
quired) allow the confirmation of any 
error hypotheses (what bugs are present) 
being considered by the program. This 
could not be done with a library of 
stored problems since the large number 
of possible bugs would have required an 
impossibly large library of problems. 
Again, the limited domain in which 
this coach has to operate made it pos- 
sible to successfully develop a problem 
generator. 

The success of Debuggy at identifying 
the procedural errc^rs that need correc- 
tion is certainly encouraging, even if 
the nature of the problems to be solved, 
however long the list of subskills, 
seems grossly simpler tlian the kinds of 
problems most of us are attempting to 
teach our students. 

Sophie 

Sophie is a much more complex pro- 
gram. First, the cognitive problem that 



it deals with is a more complex one, 
diagnosing faults in an electronic px)wer 
supply. The development of an expert 
system needed to solve these problems 
was itself a major challenge, unlike the 
previous case in which the problem- 
solver is just a "calculator". Student 
interaction with the tutor required a 
modest natural language capability with 
which the user instructs the system to 
carry out certain diagnostic tests it 
wishes performed. The relatively nar- 
row domain being dealt with here made 
this feasible; the number of compo- 
nents, parameter values, kinds of mea- 
surements, and the relationships be- 
tween the numbers being measured was 
limited , thus permitting a relatively 
simple approach to language handling. 
Finally, the model of student behavior 
is complex, as it must evolve over time 
as the novice first becomes "competent" 
and then "expert." 

Let's look first at some of the prob- 
lems associated with allowing the users 
of Sophie to communicate with the 
program through natural language text 
entered at the keyboard. In the absence 
of a general-purpose language processor 
(certainly not available when Sophie 
was developed, and not yet available at 
the beginning of 1986), the developers 
of Sophie were successful with a mui- 
est effort because of two characteristics 
of the problem they confronted "...(a) 
[a] limited domain and (b) limited activ- 
ity within that domain." That is, they 
could predict with a high degree of accu- 
racy what the users were like?v to say 
and what that verbal output "meant" 
(what action the user wanted taken, 
what data was being requested, etc). 
NeverJieless, the language interface had 
to be able to deal with such traits of 
human communicators as the use of pro- 
nominal reference ("...what's its 
value..."), anaphorae (use of the same 
repeated word, usually a pronoun, in a 
sequence of communications), and ellip- 
sis (the omission of words needed for 
correct syntax but not needed for mean- 
ing). Here too, the limits to the do- 
main being referred to made it px)ssible 
to deal with these problems. 



The expert problem-solver built into 
Sophie is based on a simulation of the 
particular power supply whose faults 
are to be diagnosed. To this wi^ added 
a "trouble-shooter" capable of utilizing 
a knowledge of the circuit and its opera- 
tion to deduce its faults from the "symp- 
toms" that are present. This, then, is 
essentially a model of a problem-solver, 
one that is capable of both strategic 
thinking (how to approach the solut'on 
to the problem at hand) as well as plan- 
ning the tactics to be employed (what 
specific measurements to request and in 
which sequence). This is clearly a more 
complex simulation than is required for 
the circuit itself. 

The "coach", the program module 
responsible for assisting the student to 
master the trouble-shooting process, is 
the least developed component of 
Sophie, reflecting the inherent difficulty 
of this process in the absence of a good 
model for the cognitive processes used 
by the learner and the particular prior- 
iti'^s of the developers. 

Sophie is one of the most sophisti- 
cated smart tutors to have been devel- 
oped. The general domain in which it 
works, diagnosis of system faults, is a 
broad one, and every life science disci- 
pline contains similar kinds of prob- 
lems to be solved. To that extent, 
Sophie represents a useful model for 
thinking about the creation of other 
smart tutors. 

CONCLUSION 

Before those of us involved in life 
science education can hope to contribute 
to the development of ICAI programs, 
we must confront the difficult task of 
determining what it is we want our 
students to be able to do, deciding what 
problems we want them to be able to 
solve. We then need to confront the 
equally difficult task of determining 
what constitutes a solution to such 
problems (certainly not as tiivial an 
issue as it is in the case of subtraction, 
or even electronic fault finding) and 
how acceptable solutions are detennind. 
Only then can we turn to our artificial 
intelligence (AI) colleagues and begin 
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the collaborative work that will ^ 
needed to actually implement our ideas 
in a piece of software. Even if we do 
not succeed in writing a smart tutor, 
however, we will still have learned a 
good deal about the process of life 
science education. 

Additional information on topics 
relevant to smart tutors can be found in 
ihe following references: 

General topics in artificial intelligence 
that are germane to the ICAI effort and 
that are presented at a more or less ''lay" 
level: 

Amsterdam J: Expert systems. Pbpular 
Computing 4(7):70.75, 1985. 

Anderson JR, Reiser BJ: The LISP tutor. 
Byte 10(4):159.175, 1985. 

LenatDB: Computer software for 
intelligent systems. Scientific 
Amcncan 251(3): 204-213, 1984. 

Michaclson RH, Michic D, Boulangcr A: 
The technology of expert systems. 
Byte 10(4).303-312, 1985. 

Thompson BA, Thompson WA: Inside 
an expert system. Byte 9(4):315- 
330, 1984. 

Winog A T: Computer software for 
wor ng with language. Scientific 
Amencan251(3):i31.145,1984. 

An introduction to general AI 
applications in teaching: 

Richer MH: Applicalioh^ of artificial 
intelligence in education- a personal 
view. The Physiologist 28:428- 
431, 1985. 

Tecf*nical discussions of ICAI programs 
requiring some prior bacKground or 
considerable study: 

Anders, n JR, Boyle CF, Reiser BJ: 
Intclhgent tutorins syilcms. 
Science 228:456-462, 1985. 

'technical discussions of expert 
systems: 



Djda RO, S> fe EH: Expc.t /stem 
research. .cnce 220:261-268, 
1983. 



Hayes-Roth F: The knov. icdgc-bascd 
expert system: a tutorial. 
Comput ; 17:11-28, 1984. 



Michie D (cd): Introductory Readings in 
Expert Systems. New York: Gordon 
and Beach Science Publishers, 1982. 



Technical discussions of natu al 
language processing: 



The following citations are presented as 
part of a quarterly feature in CLSE de- 
signed to help readers become aware of 
current literature pertinent to computer 
applications in life science education. 

Adiga S: Expert systems: an overview. 
Science Software Quarteriy 1(4):7-11, 
1984. 

Armstrong ML et al: Choosing software: the 
importance of instmctional design. Nurse 
Educ 10(4):13-17, 1985. 

Beatty J: Interfacing with a DMM. 
Computers in Chemical Education 
Newsletter 8(1):16, 1985. 

Bigum CI et al: A video monilori' \ 
techniaue for investigating con\ Act- 
based Icamiitg programs. Computers and 
Education 9(2):95-99, 1985. 

Bray DW: Pfersonal computers at Qarlc^ i 
University. Technological Horizons in 
Education 12(8):81-83, 1985. 

Bunson S: CAI frame by frame. TechTrcnds 
30(4):24-25, 1985. 

C!ark RE: Confounding in educational 
'.omputinf research. Journal of 
Educational Computing Research 
1(2):137-148, 1985. 

Clark RE: Research on stuc^^nl thoight 
process^' during computer based 
instruction. Journal of Instmctional 
Dcvel ,pment 70):2-5, 1984. 

Coad P et al: The computer as a log of 
wood. Joumil of College Science 
Teaching 14(6):509, 1985. 

CrookaU D et al: Participant and computer 



Burton RR, Brown JS: Towards a natural- 
language capability for computer- 
assisted instruction. In O'Neil HF, 
Jr (ed). Procedures for Instructional 
Systems Development. New York: 
Academic Press, 273-313, 1979. 



Rich E: Natural-language interfaces. 
Compu'ujr 17:39-47, 1984. 
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MICROCOMPUTER-LED 
CLINICAL CASE TUTORIALS 
IN BASIC SCIENCE EDUCATION 

M.C. Blanchaer and F.C. Stevens 

Department cf Biochemistry, University of Manitoba. Winnipeg. Manitoba. Canada 



NRCLSE 



For Che past four years this faculty has 
included microcomputer>based clinical 
case studies in the first year medical 
cuniculunt These were designed to 
help individual students evaluate theii 
mastery of some major biochemical and 
physiological concepts and to test their 
problem solving skills in clinical situa- 
tions they perceive as relevant to their 
future professional roles.^ Although 
students are expected, as part of the 
Human Biochemistry course, to com- 



plete only three of the five case studies 
available in the medical library, some 

ork voluntarily through the remainder 
during fiee time. 

The 98 class members used the pro- 
grams 434 times in the 1984 session. 
However, 'during the first two years the 
ca^e simulations were available, they 
were not used as actively as they a?e 
currently. Consequently, it was possi 
ble at that time to compaie the perfam- 
ance of non-users with the remainder of 
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the class. In multiple choice examina- 
tions two to six months after the bio- 
chemistry course ended, recall of certain 
items of course content by simulation 
users was significantly better. In ques- 
tions requiring written answers, these 
students were able to deal with an unfa- 
miliar case by selectively applying in- 
formation and concepts encountered 
some months earlier in a simulation. 

While comments have been mainly 
supportive of this style of learning, 
some students indicate a degree of disori- 
entation when they first attempt this 
new mode of learning. In part it seems 
to stem from not having mastered the 
appropriate course material before woxk- 
ing on the simulation. However, 
others clearly are unaccustomed and/or 
unskilled in the hypothetico-d'*ductive 
approach to problem solving featured in 
the simulated cases. If permitted, they 
bring along an experienced classmate to 
help, thus negatirg the educational ob- 
jectives of the exercise. To address this 
inroblem it was decided that, before the 
simulations were made available for in- 
dividual use, all students should have an 
opportmuty to participate in a student- 
centered, small-group tutorial which 
was "led" by one of the case simula- 
tions rather than by a tutor. Since this 
was well received, a second tutorial of 
this type was introduced in 1984, and a 
third is being added this year. 

TUTORIALS 

Twelve students seated in a semicircle 
face the tutor who is at the keyboard of 
a microcomputer conrc<:ted to two suit- 
ably placed 20" video monitors. The 
tutor informs the group they are about 
to encounter a clinical case on the com- 
puter. The students are then told that it 
will givo them an opportunity to work 
fcgedier as a team to identify the dis- 
turbance underlying the illness of a 
"patient" they are about to mee .. The 
nature of the problem is not revealed by 
die tutor. It must be discovered by die 
group. 

The students are asked to choose a 
spcdcesperson who will convey to die 
tutor die groups response to die 



various questions posed by die case pro- 
gram. The tutor's role is then explained 
to be diat of a typist, communicating 
die students' decisions to die computer 
but offering no comment or advice 
while die group is working on die case. 
However, it may be desirable for die 
tutor to ask die occasional question to 
help hypodiesis formulation. At die 
end of the session, die group is remind- 
ed diat die simulation is available in 
die medical libraiy for diose who wish 
to repeat it individually to clarify resid- 
ual uncertainties and to consolidate dieir 
understanding of how such a problem is 
best approached. The structure and 
educational design of die simulations 
are similar to odiers in a se^ of seven.'^ 
Two of diese have been described 
previously.3.< 

At die beginning of die session, die 
student "doctors" are requested by die 
program to respond to multiple choice 
questions, a format widi which our 
students are familiar and comfortable. 
However, because of die cues inherent 
in tiiis type of interaction, it is grad- 
ually replaced as liie case unfolds widi 
enquiries diat require a word or phrase 
to be typed in. Choosing diese words 
for transmission to Uie tutor usually 
elicits a vigorous discussion as group 
members pool dieir knowledge and 
problem solving skills and thus share 
responsibility for die success or failure 
of die enteiprise. Some students refrain 
from participating and elect to wo± 
duough die simulation * , diemselves 
at a later time. The number electing 
diis route is usually small, and diose 
students' reticence does not seem to 
interfere widi die commitnT:nt of die 
odiers to die task. At die end of die 
session, the tutor may review widi die 
group die adequacy of die knowiege 
exhibited and die strengths and weak- 
nesses of its problem solving style. 
Remedial steps may be suggested for 
deficiencies. 

TUTOR RESPONSE 
To date, six instructors have presided 
over 32 such tutorial classes. Tutors 
are comfortable widi die format since 



die simulation can be worked through 
beforehand as many times as necessary 
to master die subject matter and become 
familiar widi die events diat occur 
when die various branches availaole in 
die simulation are chosen. The clinical 
knowledge necessary to deal widi die 
topic of die simulation is minimal and 
can be acquired from a texd)Ook. Also, 
it will be noted diat die tutor is not 
expected to act as die problem solver 
since diat responsibility is assigned at 
die beginning of die session to die stu- 
dents. Furthermore, it soon becomes 
clear diat, in spite of its clinical set- 
ting, the simulation is primarily an 
exercise in problem solving widi basic 
science information. In other types of 
tutorials, an instructor, often encour- 
aged by subde student prompting, may 
be tempted to deliver a mini-lecture, 
dius negating die purpose of die ses- 
sion which is student-centered problem 
solving. Such intervention is largely 
precluded here as studerits are aware diat 
diey, radier dian die tutor, are respon- 
sible for completion of die case simula- 
tion in die hour scheduled for die task. 

Some members of die student group 
may feel frustrated by what diey see as 
an inappropriate group consensus being 
relayed to die tutor-typist. These con- 
cerns are usually molified when they 
note die program responding appropri- 
ately to almost any typed input and, 
dirough hints and good-humored persist- 
ence, guiding die group to die correct 
decisions. Nevertheless, some would 
prefer alternate routes at a number of 
branch points. They can satisfy dieir 
curiosity and also consolidate dieir 
knowledge and understanding by repeat- 
ing die simulation privately during free 
time scheduled for diis purpose. 

SUM.4ARY 

Computer-based clinical case studies are 
useful for reinforcing basic science con- 
cepts, allowing medical students to test 
and consolidate dieir newly acquired 
knowiege while engaged in problem 
solving situations they perceive as 
being relevant to dieir Aiture role. 
Such simulations are effective when 
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Students woik through them individ- 
ually. Howev^, they aie particularly 
useAiI in a tutorial setting designed to 
introduce students to this learning 
medium in a non-threatening, coopera- 
tive atmosidieiC in which they can pool 
their knowledge and skills to solve the 
probelm(s) of a "patient". 
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CONVERSION OF INSTRUCTIONAL 
VIDEOTAPES TO COMPUTER CONTROLLED 
FORMATS FOR CONTINUING MEDICAL 
EDUCATION 

Janet V/.Azbell 

Department (^Curriculum and Instruction, Illinois State University, Normal, Illinois 



Instructional videotapes have been pro- 
duced for several decades; produced and 
then stored in libraries across the coun- 
try and around the wo^Id. Common 
complaints related to the use of conven- 
tional videotape include the ^ngdiof 
time needed to view an entire tape, the 
non-relevance of many sections to par- 
ticular viewers, and the incoiporation of 
content not well suited to the medium. 
The problem ^ for resolution be- 
comes that of Converting a stored video- 
tape into a useable and mstructicMially 
useful media design. 
Two relatively new instructional tech- 
nologies, computers and video, have 
been combined to form an even newer 
instructional medium diat can resolve 
some major problems associated with 
video or computer technology alone. 
Computer aided interactive video 
(CAIV) instruction combi.^ the sound 
and action of video widi the precise con- 
trol brandling, and feedback capabili- 
ties of the microcomputer* In CAIV a 
con^Miter program is used to determine 
the sequence in which video segments 
aie selected and shown. Either video- 
tzfr or videodisc (or in some cases both 



vsp^ and disc) may be used in develop- 
ing CAIV courseware materials. 

Computer aided video instructional 
materials using videotape can be pre- 
pared by using existing tq)es, produc- 
ing new tapes, or integrating existing 
tapes widi new ones. Because making 
videotapes is a time-consuming pro- 
cess, one of die most efficient ways to 
develop CAIV courseware is to modify 
or combine existing t^>es and add "per- 
sonalized** introducticms, comments, 
and conclusions made especially for the 
materials being developed By convert- 
ing existing videotapes to CAIV for- 
mats using a computer/video recorder 
interface, an unused instructional 
resource may gain new value as a 
learning tool. 

BACKGROUND 

Effective CAIV is not simply video 
widi a computer program built around 
it as is often assumed. Because there 
are differences between CAIV instruc- 
tion and instmction provided by conven- 
tional videotape, it is necessaay as pait 
of die conversion process to analyze the 
instructional fonnat of die linear tape 



befwe a CAIV design can be formu- 
lated. CAIV design procedures can dien 
be used to modify and adapt die instruc- 
tional format to the needs of specific 
users. 

The i^ocess of converting convention- 
al videotapes to an interactive video 
fonnat can be iUur ^ted by die initial 
development phase of a cooperative 
effort between die MedKxUsf Medical 
Center of Illinois in Peoria, Illinois and 
faculty members of Illinois State Uni- 
versity. Aldiough content experts may 
have favorite video materials diey wi^ 
to adapt to CAIV, diey may not have a 
good grasp of the many ways in v^ich 
die adaptations can be made. For this 
reason, instructional design specialists 
firom die University wcik widi oMitent 
experts from the Medical Center to 
achieve effective CAIV designs. 

The conversion process for videotq)es 
of continuing medical education (CME) 
presentations has been implemented in 
two steps: 

1) formalrzL g a vxpt format analysis 
diat identifies tape segments to be 
used and defines the roles to be 
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played by the instmctional designer 
and caitent specialist;^ 
2) creating an instructional des-jn spe- 
cific to the learning approach famil- 
iar to physicians in CME applica- 
tions. 

The coiitiniiing professional develop- 
ment of practicing phy sicians in this 
era of rapid technological change and 
medical advancement is a difficult task 
but one of great importance. Continu- 
ing professional education programs are 
expected to have some impact on the 
professional by producing a variety of 
new knowledge, skills, values, and 
attitudes. Those resp(Misible for contin- 
uing medical education at Methodist 
Medical Center have found that most of 
the taped lectures of visiting specialists 
and expensive, commercially produced 
videotapes stored in the medical center 
library are not used frequently. 

Physicians are acutely aware of the 
time pressures under which they work« 
They do not like to spend their time 
unprofitably regardless of whether their 
goal is more time for patient care» con- 
sultation, or staying current with the 
latest research. The current situation is 
neither time nor cost efficient from 
anyone's perspective. Oie form of com- 
puter aided video instruction that we 
have implemented directly addresses the 
problem of time eiUciency. 

THE COMPUTER AS AN 
INDEXING DEVICE 
This form of CAiV uses ihe microcom- 
puter simply as a device to allow users 
quick access to relevant portions of an 
existing videotape. It serves much the 
same function as an automated table of 
contents or index to a book. The in- 
structional designer and physician con- 
tent expert identify relevant segments of 
the tape. An electronic signal is then 
dubbed or the second audio track of the 
tape. This sig:^i permits the computer 
program to determine precisely the 
video segment to be displayed on the 
screen. The entire computer program 



consists of a series of menus listing 
video segnients that can be displayed on 
the monitor. The physiciaii-user may 
then control the sequence and content of 
the instructional presentation tlwgh 
the selection of various menu choices. 

An existing videotape on the clinical 
diagnosis of dysplastic nevi was conver- 
ted to this format The converted tape 
will be used in several different set- 
tings. In one setting, a Methodist Medi- 
cal Center pathologist will use the 
courseware during formal lecture presen- 
tations to residents. Another plaruied 
use of the tape is in local presentations 
to the general public for the American 
Cancer Society. The presenter will no 
longer find it necessary to search 
through the entire tape to locate rele- 
vant sections for display. The com- 
puter will automatically search for and 
display selected segments in the order 
determined by the presenter. The user 
will determine the segments appropriate 
to the learning need of the audience, 
select those segments, and sequence 
them accordingly. 

OTHER APPUCATIONS 
We are also concerned with developing 
a learning system for practicing physi- 
cians as part of the medical cc^iter's pro- 
gram in continuing medical education. 
Education is a formal structure within 
which learning is supposed to occur. 
Learning, however, is a process resu^. 
ing in some modification of the behav- 
ior, way of thinking, feeling, or doing 
of the individual learner.^ The aim of 
professional development for physicians 
should be continuing medical learning 
rather than continuing medical educa- 
tion. While significant learning may 
occur within education, rmch of the 
conitol over the experie cc icsides out- 
side of the individual ..i n;ost tradi- 
tional and hospital-based CME activity, 
the teaching/learning process is one of 
instruction that is directed primarily 
externally. Because learning is an inter- 
nal, largely self-directed process, the 
tapes we convened contain many design 



features that allow the physician-users 
to direct and conuol their own learning. 

This type of computer aided video 
insuiiction makes fM use of the micro- 
computer's ability to perform complex 
branching operaticHis to control the 
display of video segments and provide 
feedback to the user. Unlike conven- 
tional video, user-directed programs 
allow users to stop and start the pro- 
gram whenever and wherever they wish. 
Time for notetaking, glossaries of un- 
familiar terms, and the give-and-take of 
questions and answers can also be easily 
provided.^ 

Four existing videotapes were con- 
verted to CAIV formats. A variety of 
design features were implemented in 
eleven courseware programs based on 
these four tapes. Various combinations 
of these design features are presently 
being evaluated within the CME 
program. The feauires being tested 
include using on-line instructional 
resources to enharce learning c^abili- 
ties, using a vUieo camera to aid {4iy- 
sicians in self-assessment of skill 
mastery, and using influential col- 
leagues to introduce content and estab- 
lish its relevance to the learning needs 
of physician peers. 

Providing access to on-IIiie 
databases 

The three most significant aids to 
physicians* learning and practice 
changes are reading, formal and infor- 
mal interaction with colleagues, and 
attendance at organized CME activities. 
Of these three, reading is the most 
important. With this in mind, several 
feauires were incorporated into CAIV 
learning systems to capitalize on this 
well-established learning pattern. 

CAIV courseware was developed using 
a videotape of a standard slide lecture 
presentation on toxic shock syndrome. 
At various points during the con^uter 
aided video instruction, menus are pre- 
sented that allow the physician to use a 
modem to do on-line data searches 
using a medical database. Literature 
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abstracts on user-detennined areas of 
inquiiy are immediately available. After 
consultmg relevant data sources, the 
physician is free to return to the CAIV 
courseware and continue with the presen- 
tation. Using this approach in other 
settings, {mvision could be made for 
the user to o^ tain information from any 
(me of the ^.iter specialized medical data- 
bases now becoming available. With 
the additional CD-ROM databases now 
available, this cation becomes much 
more cost effective for librarians con- 
cerned about inefficient searching of on- 
line databases by untrained users.^ This 
same design can also be used to enable 
physicians to access a word jvocessor 
so that notes about possible follow-up 
can be recorded during the presentation. 
All can be controlled from the computer 
keyboard. 

Use with a physical mode! 
and videocamera 

A CAIV program was also developed 
from an existing tape on the use of the 
frben)ptic sigmoidc^cope. It has been 
estimated that a physician requires forty 
atte' ipts at passing the instrument 
uSiitg an anatomically correct model 
befcKe a level of competence is reached 
that would allow practice in an actual 
clinical situation. In previous training 
situations, a twenty minute linear video- 
t^ was pcesented to illustrate the prop- 
er [Hocedure. A trainer would then 
coach physicians in the actual use of 
the instmment in a simulated clinical 
situation. This was a tL consuming 
process for the physicians mvolved as 
well as the trainer. 

One of the reasons often mentioned by 
physicians, as well as other adult learn- 
ers, for self-directed learning is that ar- 
ranging time for group meetings is 
inconvenient to their already very busy 
schedules,^ By using the CAIV learn- 
ing system, the physician can, in effect, 
train himself in th? iJFe cf the fiberoptic 
sigmoidoscq)e, thi'S eliminating the 
need for a group training exercise. The 
CAIV program developed makes use of 



segments of the training video but 
allows the physician to review relevant 
sections on the use and manipulation of 
the instrument at will. This was impos- 
sible in the ^up viewing situation. 
After viewing animated and live-action 
video segments on the clinical proce- 
dure, the physician is instructed to prac- 
tice the proceuire with the instrument 
and model provided This prac ce is 
au. .natically recorded by a video cam- 
era controlled by the computer interface. 
This videotaped {H-actice session is then 
available for immediate self-assessment 
by the physician. The tape may be 
viewed and reviewed to assess areas of 
weakness. Using the program, the phy- 
sician may then review segments of the 
instructional tape before attempting the 
procedure again. The physician contin- 
ues diis process of trial, tape, assess- 
ment, and review until he is confident 
cf his skill in maneuvering the instru- 
ment The final videotaped practice 
may then be evaluated by the trainer 
before the physician participates in 
actual clinical practice. 

Making use of local colleagues 
Influendal colleagues are important 
agents in the acquisition of new infcx*- 
mation and in the adoption of possible 
changes in actual physician practice. A 
CAIV design which capitalizes on the 
recommendations and knowledge of 
peeiS was Owveloped using the same 
videotape on dysplastic nevi mentioned 
previously. A n^cal center patholo- 
gist who was also a professor at the 
University of Illinois School of Medi- 
cine at Peoria videotaped a brief intro- 
duction and conclusion to the tape 
along with a short segment on the 
objectives of the courseware. This 
visual and vocal identification with a 
locally accepted expert in the field 
appears to have made a favorable 
impression on the physicians using the 
courseware. 

Ail exciting design feature combining 
several of the options mentioned pre- 
viously uses slides from a commer- 



cially available videodisc. The hema- 
tology disc prepared by the University 
of Washington contains some excellent 
photomicrographs of dysplastic nevi in 
various stages of development The 
existing videotape that we used for the 
conversion process did not include the 
same high quality video images. In 
order to take advantage of the videodisc 
images, it was necessary to corbine 
the still-frames of the videodisc with 
the action of the actual clinical exam on 
the videotape. The computer program 
was designed to allow the int^ace to 
control either machine on command A 
further refinement of this jMOcedure was 
developed by Dent Rhodes of Illinois 
State. The audio track of the videotape 
(no video is shown) is played to naitate 
the slide from the videodisc as it is 
displayed on the computer monitor. 
Both the videodisc player and the video- 
tape player are controlled by the com- 
puter to play at the same dme. This 
process allows efficient still-frame 
audio which can be easily changed and 
updated It "dso allowed us to use the 
voice of our local expert to narrate the 
imp(Ktant features of the videodisc 
slide. This opens up many possibil- 
ities for the conversion of generic video- 
disc image repositories to true interac- 
dve programs combining the longer 
acdon segments available on videotape. 



CONCLUSION 

Each of these courseware designs is in 
the process of being evaluated i>i the 
medical center sotting. The feedback 
received thus far has been very favor- 
able, with requests for future develop- 
ment in a variety of content areas. The 
design is by far the most difficult and 
dme-consuming aspect of CAIV course- 
ware development Using an authoring 
system, effective courseware; can be de- 
veloped easily from existing videotapes 
within a two week period, excluding 
instrucdonal design time. The develop- 
ment of CAIV materials has become so 
simple technologically that the real task 
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now becomes designing courseware that 
takes full advantage of the sophisticated 
options available. 
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*jrhe Bulle * ^ Board is published period* 
ically to L. jcm readers of upcoming 
meetings of interest If you know of 
meetings, symposia, continuing educa* 
tion courses, etc, interest to life 
science educators that do not appe<:u' in 
THE BULLETIN BOARD, please let 
us know. Send peitinent infcxmation 
to Dr. Harold Modell, NRCLSE, RC- 
70, University of Washington, Seatde, 
WA 98195. 



May 2-5, 1986. Health Sciences 
Communications Association (HeSCA) 
19S6 Annual Meeting. Denver, 
Colorado. 

Contact: 
Jim Barret: 

Censer for Educational Resources, 
SB'56 

University cf Washington 
Seattle, WA 98195 
(206)545-1156 

or 

Uonelle Elsesser 
Executive Director, HeSCA 
6105 Undell Blvd 
St. Low :, MO 63112 

May 8-10, 1986. Computer 
applications in medicine and health 



2. P-mlandP: Individual Self-Planned 
Lemming in America. Washington, 
DC: Office of Education, US Depart- 
ment of health. Education, and 

V elfare. 1977. 

3. Rhodes DM, AzbcU JW: Demystify- 
vnz Computer Aided Video Instruc- 
tion. CCATT Journal, Spring, 1986 
(in presc). 



caie. AAMSI Congress 1986. 
Anaheim, California. 

Contact: 

Ben T. Williams, MD 
Director of Laboratories 
Mercy Hospital 
1400 West Park Avenue 
Urbana,IL 61801 
(217)337-2175 

Integrating Confuting Into the Higher 
Education Curriculum (2 symposia): 
May 12-13, 1986* Northwestern 
University. Evanston, Illinois. 
May 27-28, 1986. Duke 
University. Durham, North Carolina. 

Cbntact: 

EDUCOM 
P.O. Box 364 
Princeton, NJ 08540 
(609) 734-1886 

May 20-23, 1986. EURIT, the 
Eurq)ean Conference on Information 
Technology in Education, 1986. 
Enschede, The Netheriands. 

Contact: 

f c» 'r Sinningk^ Damste 

do Twente University ofTechnolopy 

C.OJ. 



PO Box 217 
NL-7500AE Enschede 
The Netherlands 

June 9-13, 1986. ISth Annual 
Mcedng of the MUMPS Users' Group. 
San Diego, California. 

Contact: 

MUMPS Users' Group Meeting 
4321 Hartwick Road 
Suite 510 

College Park, MD 20740 

June 23-27, 1986. Tne Micro- 
computer Institute for Nurses. 
Washington, D.C. 

Contact: 

Georgetown University 
School cf Nursing 
CE Division 

3700 Reservoir Road NW 
Washington, D.C. 20057 
(202)625-2168 

July 13-18, 1986. XXX 

International Congress of Physiological 
Sciences. Vancouver, Canada. 

A symposium and wcH'kshop on 
computer-based education in physiology 
are scheduled for July 16. 

Contact: 

Dr. K£. Cooper 

Department cf Medical Physiology 
University of Calgary 
C 'gary. Alberta 
Canada T2N4N1 

August 4-8, 1986. The 

Microcomputer Institute for Nurses. 
Lafayette, Louisiana. 

Contact: 

University of Southwestern Louisiana 
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College of Nursing - CE 
P.O. Box 42490 
Lc^ayette.LA 70506 
(318)231-6682 
(318)231-6782 

August 10-14, 1986. 37th Annual 
Meeting of the American Institute of 
Biological Sciences (AIBS). Amherst, 
Massachusetts. 

A workshop on computers in bioeduc- 
ation will be held Sunday, 10 August 
1986. from 9:00 sunt to 5:00 p.m, 

Contacc 

AIBS Annual Meeting 
730 11th Street NW 
Washington, D.C. 20001'4''84 

August 17*22, 1986. Cbmputers 
in Biology. Sixth Annual Notre Dame 
Short Cburse Series. F^treDame, 
Indiana. 

Cbntact: 

Ronald A Hellenthal 
Biocomputing Short Courses 
Coordinator 

Department of Biologicc' Sciences 



University of Notre Dame 
Notre Dame JN 46556 
(219)239-7255 

September 17-19, 1986. The 
Second Annual Conference on 
Interactive Video in Nursing and Allied 
Health. Galveston, Texas. 

Contact: 

Gary D Hales, PhD 

School of Allied Health Sciences 

8th and Market Streets 

The University cf Texas Medical 

Branch at Galveston 

Galveston, TX 77550 

(409) 761-3040 

(713) 784-8326 

October 25-26, 1986. Tenth 
Annual Symposium on Computer 
Applications in Medical Care 
(SCAMQ. Washington. D.C. 

Contact: 

SCAMC 

Secretariat: The George Washington 
University Medical Center 
Office of Continuing Medical 



Education 
2300 K Street, NW 
Washington, D.C. 20037 

October 26-30, 1986. 5th World 
Congress cm Medical Informatics. 
Washington, D.C. 

Contacc 

MEDINFO 86 Organizing Committee 
Secretariat: 

do George Washington University 

Medical Center 
Office of Continuing Medical 

Education 
2300 K Street NW 
Washington, D.C. 20037 
(202) 676-8929 

November 10-13, 1986. Associa- 
tion for the Development of Computer 
based Instructional Systems 28th Inter- 
national Conference. Wa<:hington, D.C. 

Contacc 

ADCIS,409 Miller Hall 
Western Washington Uriversity 
Bellingham,\.A 98225 
(206) 676-2860 



EDITOR'S NOTE 

The National Resource for Computers in Life Science Education is now 
accessible thiough the BITnet international computer network. To contact 
NRCLSE through BITnet, address mail to: 

MODELL@UWALOCKE 
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COMPUTERIZED VETERINARY 
MEDICAL INFORMATION 
SYSTEMS: IMPACT ON 
VETERINARY MEDICAL 
EDUCATION 

Philip A. Bushby 

College ofVeierinary Medicine, Mississippi Stale University, Siarkville, Mississippi 



Educational theorists have attempted to 
describe the relationship between formal 
schooling and learning. Webster's dic- 
tionary defines education as the process 
of training and developing the know 
ledge, skill, mind and character, especial- 
ly by formal schooling. The strictest 
interpret-^tions of this definition limit 
the educational experience to the class- 
rooms of our schools and universities. 
Education is, however, not confined by 



dictionary definitions nor to formal 
institi*Mons. Education is a continuum; 
it begins at birth and for most of us 
does not end until deadi. 

In 1956, B.S. Bloom defined a taxon- 
omy of the cognitive domain.^ He de- 
scribed learning as an hierarchical pro- 
cess with acquisition of knowledge as 
prerequisite to comprehension, applica* 
tion, analysis, synthesis, and evalua* 
tion. The acquisition of knowledge. 
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Memory of information, was considered 
essential for the higher levels of think- 
ing/learning to occur. Bloom's paper 
was simply an enunciation of the basic 
premise which had served as the founda- 
tion for higher education for oecades. 
Information was essential; it had be- 
come the valued entity, "a core of know- 
ledge must be taught" Possession of 
information is not, however, the sole 
goal of education. Scientific education 
coasists of at least four basic compo- 
nents: acquisition of knowledge, use of 
knowledge, development of psychomo- 
tor skills, and the reinforcement of desir- 
able behavioral characteristics. In veter- 
inary medical education, students are 
expxted to obtain a foundation know- 
ledge base in several disciplines for 
several species. Students are expected 
to become astute problem solvers, inte- 
grating their knowledge base with the 
unique nature of patient problems, ana- 
lyzing each problem to generate correc- 
tive and preventive plans in an economi- 
cally efficient manner. Society expects 
graduate veterinarians to be thorough, 
reliable, and efficient in their evaluation 
of problem situations and to be critical 
thinkers. The ability of veterinarians to 
remember information and the amount 
of information to be recalled is of little 
importance to the consumer of our serv- 
ices provided we provide a competent 
service. 

IMP\CT OF THE K.SOWLEDGE 
E!a DSION 

We are currc. tly experiencing a know- 
ledge explosion of geometric propor- 
tions. While the increase in medical/ 
veterinary medical information is diffi- 
cult to quantitate accurately, numerous 
examples which document the existence 
of the knowledge explosion can be 
cited. One representation of this know- 
ledge explosion is the number of jour- 
nals published in various fields. At 
present there are 4800 joumals publish- 
ed relating to the medical sciences 
alone. Two hundred and six of these 
relate specifically to veterinary medi- 
cine.7 The sources of information are 
so numerous that each member of a 



profession is eng: ged in a battle to stay 
abreast of current information and 
technology. 

Another indicator of the current know- 
ledge explosion is the proliferation of 
specialties. As information increases, 
each profession is forced into a series of 
progressive categorizations of know- 
ledge into disciplines, specialties, and 
subspecialties. Just as it had been logi- 
cal tocatagorize laborers by sk»ils, it 
became not only logical, but essential, 
to catagorize professions by their know- 
ledge base. With the rapid expansion of 
information, specialization became nec- 
essary. Since no one could command 
mastery of all of the knowled|ge in a 
given field, that field was divided and 
subdivided until the amount of know- 
ledge within any compartment could be 
mastered. The proliferation of special- 
ties and subspecialties attests to the fu- 
tility of attempting to master the infor- 
mation in a profession as complex and 
diverse as veterinary medicine. The 
American Veterinary Medical Associa- 
tion currently recognizes fourteen spe- 
cialty boards.^ Each of these boards has 
explicit requirements for eligibility 
including from 3 to 6 years of advanced 
training or experience. Many of these 
specialties recognize subspecialties in 
either a formal or informal manner. 

In the book Megatrends, John 
Naisbitt discusses the impact of the 
knowledge expansion and describes the 
transition from an industrial society to 
an informational society. He docu- 
ments that between 6,000 and 7,000 
scientific articles are written each day. 
Scientific and technical information, 
which has been doubling at the rate of 
once every 5.5 years is now approach- 
ing a doubling rate of once every 20 
months. NaiJbitt claims that "this lev- 
el of information is clearly impossible 
to handle by present means. Uncontrol- 
led and unorganized information is no 
longer a resource in an information 
society, ... it becomes the enemy of 
the information worker. Scientists who 
are overwhelmed wiih technical data 
comploin of information pollution and 
charge that it takes less time to do an 



experiment than to find out whether or 
not it has already been done."^ 

The information releva it to veteri- 
nary medicine is documented by the 
totally explicit curriculum at the Col- 
lege of Veterinary Medicine at Missis- 
sippi State University. Over a period 
of eight years, the faculty at the college 
have published explicit course syllabi 
containing each behavioral objective the 
students were expected to leam or mas- 
ter. These syllabi represent the best 
estimate of the faculty at defining the 
knowledge base and skills required of a 
veterinarian. The syllabi have under- 
gone extensive evaluation. Each year, 
faculty wiih the appropriate species, 
discipline, and/or system expertise re- 
view and modify the syllabi. In addi- 
tion, the syllabi are reviewed by exter- 
nal examiners whose primary goal has 
be to certify the quality of the Missis- 
sippi State program. In 1983, a com- 
plete audit 01 jiis curriculum was con- 
ducted. Eac: objective was analyzed 
qualitatively and quantitativelv The 
qualitative analysis consisted of deter- 
ming the type of learning (acquisition 
of knowledge, use of knowledge, psy- 
chomotor skills, or behavioral character- 
istics) an^ thie level of learning required 
(memory, comprehension, application, 
analysis, synthesis or evaluation). The 
quantitative analysis consisted of count- 
ing the number of items and the num- 
ber of actions within each objective. 
The syllabi representing the courses in 
the first Uiree years of the DVM curric- 
ulum contain 215,492 requirements of 
the students. This equates to a require- 
ment for the student to master one new 
thing every 6 minutes, 2 ; hours a day, 
7 days a week for each of the 30 
months of the first three years of the 
curriculum; a virtually impossible task 
for even the most talented student. 

With the rapid expansion of know- 
ledge over the past few decades, the 
nature of veterinary medical education 
has changed Training in psychomotor 
skills, opportunities for development of 
problem solving capabilities, and the 
reinforcement of desirable behavioral 
characteristics have diminished in 
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veterinar> medical curricula to accom- 
modate the study of the prerequii>ite 
knowledge base. An overwhelming 
majority of examination questions used 
in veterinary medical education are 
Bloom Level one; testing memorization 
of factual information. Analysis of the 
National Board and other veterinary 
examinations reveal that few required 
higher levels of learning, the use of 
psychomotor skills, or encouraged the 
refinement of the desirable behaviors. 
Knowledge acquisition is disproportion- 
ally emphasized at the expense of the 
other components of education.-* 

Educators have been stnigglmg with 
the knowledge explosion dilemma for 
the past two decades. Various approach- 
es at solving this problem have failed 
to improve the quality of education or 
the quality of veterinary medicine prac- 
tice significantly. The emphasis on 
educational innovation has, unti' recent- 
ly, focused on improving tlie efficiency 
of instruction. The autotutorial empha- 
sis of the 1970s, the introduction of 
learning by the use of specific behav- 
ioral objectives encompassed in the mas- 
tery concept^ the increased use of audio- 
visuals in the classroom, and certain 
concepts in computer-aided instruction 
have all failed to deal effectively with 
the problem currently confronting educa- 
tion. The approaches of the past have 
failed to take into account tiie fact that 
cerebral capabilities are not expanding 
along with the expansion in informa- 
tion. The assumption that one can 
learn, in a four year veterinary curricu- 
lum, all information necessary to suc- 
cessfully practice veterinary medicine 
for a full career is erroneous. Educators: 
will admit that their intent is not ♦o 
teach all relevant veterinary information 
to their students. Many perceive that 
their role is to distill the vast quantities 
of veterinary literature to provide the 
student with only the most essential 
information. This approach, while in 
part diminishing the effect of the know- 
ledge explosion, leads to superficiality 
and is contrary to the promotion of life 
long learning. Students need to develop 
the skills of analyzing the literature and 



the skills of processing information. 
Tiie content of the cuniculum and liie 
approach to teaching often prove contra- 
dictory to the long range goals of educa- 
tion. The classrooms, laboratories, 
clinics, and examinations emphasize 
what the student knows jr does not 
know rather than expanding the stu- 
dents' abilites to use various informa- 
tion resources. Certification and licens- 
ure in most states are based upon evalua- 
tions of knowledge. Yet the practition- 
er who hires a new graduate rarely com- 
plains that the new graduate doesn't 
know enough information. Dissatisfac- 
tion focuses upon the lack of problem 
solving skills, inefficiency of psycho- 
motor skills, inability to deal with 
clients, lack of "business sense," and 
less than desirable behaviors. Veterin- 
ary training needs to be refocused. The 
emphasis on knowledge acquisition, 
knowledge utilization, psychomotor 
skills, and behavioral characteristics 
must be balanced within veterinary 
curricula. 

ROLE OF COMPLTERS 
We have seen tremendous advances in 
computer technology within the last 
two decades. Computers, once consid- 
ered io be nothing more than powerful 
calculators, are now used as information 
managers. The functions of the com- 
puter to store, retrieve, and manipulate 
information can be used to facilitate the 
practice of veterinary medicine if the 
profession will allow the use of the 
computer as a tool to expand the power 
of the human mind. The computer is 
beginning to assume importance in the 
information management systems of 
veterinary practice. To date, most of 
the emphasis has been on financial 
management and medical records, but 
systems dealing with reminder systems, 
inventory control, and other informa- 
tion management tools are being pro- 
moted. There is, however, a reluctance 
to venture into the broader field of com- 
puterized information management in 
terms of veterinary medical infor- 
mation. 

Database management systems with 



the capability of providing the veter' i- 
arian with rapid and accurate scientific 
inforn»ation are currently available. 
The Problem Knowledge Coupler Sys- 
tem was formally introduced to the vet- 
erinary community in October, 1982 at 
die First Symposium on Computer 
Applications in Veterinary Medicine^ 
and received significant attention at the 
Second Symposium on Computer Ap- 
plications in Veterinary Medicine.^ This 
system provides information in a prob- 
lem oriented fashion, expanding the, abil- 
ity of the veterinarian to diagnose and 
manage medical problems. The power 
of programs such as the Problem Know- 
ledge Coupler far exceed the power of 
the human mind in recalling informa- 
tion accurately, integrating information, 
and dealing with multiple variables 
.simultaneously. Progams such as this 
will free the student or graduate from 
the burden of attempting to become an 
encyclopedia of veterinary medical infor- 
mation, and they will open opportuni- 
ties for expansion of tr;'jning in the 
utilization of information, enhancement 
of psychomotor skills, and reinforce- 
ment of desirable behavioral character- 
istics. 

Educators should begin to acquaint 
themselves with the information man- 
agement capabilites of the computer. 
Naisbitt describes the various stages of 
the development and use of technology. 
The first stage is the development it- 
self. The second is the application of 
the technology to improve previous 
systems. The last is the innovative u.se 
of new technology to move in new 
directions. The use of computerized 
veterinary information systems to assist 
in the solutions of health related prob- 
lems fits into this third stage. The 
systems are available; they are merely 
waiting for adiitional development and 
for acceptance. "The problem is that 
our tliinking, oxs attitudes, and conse- 
quently our dansion making have not 
caught up with ...reality..."^ Veterinary 
education is facing a major challenge. 
We can use ihe computer for drill and 
practice, for simulations of patients and 
laboratory situations, or we can go 
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much further. We can choose to ignore 
the information explosion and choose 
to ignore the potential of the computer 
for infonnation management or choose 
to use the computer as a tool to expand 
the power of the human mind. 

In 1984, the College of Veterinary 
Medicine at Mississippi State Univer- 
sity began a project unique in veterinary 
medical education. All incoming veter- 
inary students were required to purchase 
a Macintosh microcomputer. Tlie goals 
of the project were to graduate "com- 
puter literate" graduates in 19?\ and to 
begin to develop veterinary i.iedical 
information systems that would begin 
to supplant veterinary medical "know- 
ledge acquisition" components of the 
curriculum. The project, now in its 
second year, will unquestionably meet 
the first goal of producing computer 
literate graduates. The development of 
veterinary medical information systems 
is occiuring, and the Mississippi State 
student is receiving exposure to and 
developing expertise in using informa- 
tion systems. Serious consideration is 
being given to significant curricular 
modifications which would reduce the 



classroom/laboratory component of the 
curriculum by one year and increase the 
"practical work related" aspects of the 
curriculum by one year. 

Rapid progression towards the second 
goal is hindered by the natural resis- 
tance to change which occurs within a 
faculty end a profession. For the com- 
puter to as:ume its full potential within 
the veterinary medical curriculum and 
veterinary medical practice, many of the 
current knowleoge-based systems will 
require serious review and modification. 
The nature of student evaluation, exam- 
ination procedures for veterinary medi- 
cal licensure, and the criteria for accredi- 
tation of veterinary medical programs 
will have to be altered if we are to use 
the full potential of computerized 
information systems. 



Problem Knowledge Coupler is a iradcmaric of 
the PKC Corporauon, Cambridge VT 
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As its name indicates, PII.OT (Program- 
med Instruction Learning Or Teaching) 
is a computer language developed spe- 
cifically for programming interactive 
computer-assisted learning lessons. It 
is especially useful when studenis are 
expected to re.spond to questions by 
typing words or phrases that must be 
recognized (matched), evaluated, and 
acted upon by the program. Standard 
computer languages such BASIC, 
Pascal and C can, of course, be pro- 



grammed to do the same tasks, but 
PILOT comes with the necessary built- 
in sophisticated machine language 
routines. 

The different versions of PILOT cur- 
rently available for the Apple II family, 
IBM PC and compatibles, Macintosh, 
and other microcomputers were all de- 
veloped from the original PILOT lan- 
guage devised by J. Starkweather in the 
late 1960s. To a limited extent, les- 
sons programmed with one version of 



PILOT can be moved to computers that 
normally use another version. If the 
lesson consists only of text-based inter- 
actions between the user and program, 
it can be transported to another comput- 
er relatively easily. However, it is 
usually more difficult to move a lesson 
that utilizes version-specific commands 
for features such as graphics, sound, and 
viewports. Considerable rewriting may 
be necessary before the lesson will run 
in the new environment. 
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Because of space limitations, this ar- 
ticle will present only a superfici;ii over- 
view of the features of PILOT which, 
in its more recent versions, approaches 
the versatility of high level languages 
such as BASIC and Pascal. The reader 
should consult the additional informa- 
tion references at the end of the article 
for further, more detailed information. 

FEATURES OF PILOT 
Only 20-25 commands are used in 
PILOT. These are easily remembered 
as they consist of one or two letter 
mnemonics. Thus, to program a parr- 
graph of text, f'l.e first line is begun 
with the type command, T:, and each 
following line is started with a colon. 
Cbmmands are available to produce mul- 
uple text and graphic screens which can 
be addressed independently and, if de- 
sired, can be made to respond to student 
input. 

Perhaps the most sophisticated and 
useful features of PILOT are the two 
commands, Accept (A:) and Match 
(M:). The A: command accepts the an- 
swer typed by the student and, if de- 
sired, edits it in various ways to facili- 
tate the function of the M: command 
that follows. M: is used to match text 
in the input with expected student re- 
sponses previously stored in tl.e lesson 
by the author. In these accept-match 
sequences, the user's input may be a 
number or le ter expected in response to 
multiple choice questions. However, 
this command sequence is most useful 
for recognizing specific words, phrases, 
and word fragments present in whatever 
the student has entered. Thus, the state- 
ment, MS:heart!myocard!pump, recog- 
nizes each of these words or word frag- 
ments as equivalent; the modifier, S, in 
the command permits spelling erit)rs. 
The @ in the statement, M:liver@heart 
@kidney, designates that all three words 
must be present in the user's entry, but 
tliey may occur in any order. In con- 
trast, the & in Mrheart&liver, requires 
that both words be present and in the 
order shown. The matching procedure 
ignores anything irrelevant in the 
student's response provided it is not 



imbedded in one of the words to be 
matched. 

A successful match can be followed 
by commands to produce an appropriate 
action such as displaying a textual or 
graphics response on the screen or 
branching the student to another section 
containing a remedial tutorial. These 
along with other commands that alter 
line spacing, call various fonts and 
character sizes, create new sets of char- 
acters, or call bold or plain text, facil- 
itate the design and programming of 
effective interactive lessons. 

In addition to being faced with new 
commands, the beginning PILOT pro- 
grammer finds that the line numbers of 
BASIC and its most often used state- 
ments are missing. Instead of GOTO a 
line number, PILOT jumps (J:) to a 
specified label that begins with an aster- 
isk. Instead of a GOSUB, PILOT uses 
(U:) a subroutine. Thus, the statement, 
Jrreview, will produce a jump to label 
♦review. Urcont will call the subrou- 
tine *cont and then return to the pro- 
gram line after Urcont. An unusual 
feature of PILOT is that execution of 
most cormnands can be made condition- 
al upon the contents of a variable or 
expression imbedded in the cormnand. 
For example, the most recent user input 
accepted by an A: is always stored in 
the system variable, %b. Therefore, if 
the author wishes a line of text to ap- 
pear on the screen only after the student 
has entered a number between 20 and 
40, the desired text would begin with 
T(%b>=20&%b<-40): as a command. 
Most commands also can be controlled 
by evaluating an imbedded expression. 
Thus if a numeric variable, C, has been 
used to count the number of times a stu- 
dent has attempted a question, the com- 
mand, J(C>=4):help, can be used to 
jump the student to a remedial section 
(*help) after four attempts. 

File protection is available but differs 
in its effectiveness among versions of 
the language. Unauthorized access to 
the source code of Apple and Super- 
PILOT lessons and to student activity 
records is moderately difficult since the 
files can be read only with the Super- 



PILOT or Apple Pa<^jal Editor uulities. 
PC/PILOT and MacPILO'l lessons are 
protected by having only binary en- 
crypted fil3S available tc users. Al- 
though iu use is not yet extensive, 
most current versions of PILOT allow 
control of a videodisc or vidcxassette 
player. 

DISADVANTAGES OF PILOT 
Lessons in PILOT may run relatively 
slov'ly, as do those ot other authoring 
languages that use a runtime interpreter. 
However, interaction is usually not 
perceived as slow by the user when the 
response to the computer's question re- 
quii^es some time for thought before en- 
tering the answer. Mathematical calcu- 
lations can be handled, but responses 
may be unacceptably slow with com- 
plex or repetitive operations. The re- 
sponse of Apple PILOT and Super- 
PILOT lessons is particularly sluggish 
because the lesson file is first inter- 
preted to Pascal p-code and then con- 
verted into machine language before 
action is seen on the screen. 

It is ironic that the most serious dis 
advantage of PILOT as an educational 
tooi is its ease of use. The effortless 
way in which endless pages of text can 
be programmed, interspersed v;ith mul- 
tiple choice questions trivialized by the 
micro-step, snail's pace advised by the 
behaviorist school, can produce lessons 
that seem deadly to all except their 
author. Such bad examples denegrate 
PILOTS true educational potential. 
The problem, however, is not with the 
language but with poor educational 
design. 

VERSIONS OF PILOT 
Two important considerations in com- 
paring the merits of different versions 
of PILOT are the ease and speed of 
using the authoring utilities and the 
"transparency" of the interface that deals 
with the student. Presumably, the stu- 
dent is concerned witi] the substantive 
content of the lesson and wishes to 
access it with as little interaction with 
the computer's operating system as 
possible. The mechanics of interaction 
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are best reduced to a minimum. A stu- 
dent should be able to start working on 
a lesson by simply inserting a diskette 
and pressing a switch. Apple PILOT, 
SuperPILOT, and PC/PILOT allow 
such direct access, but MacPlLOT 
currently does not. 

Apple and Super PILOT 
SuperPILOT was released in 1982 and 
is a superset of Apple PILOT, first 
released in 1980. User support has 
slowed almost to the vanishing point 
but is compensated by excellent exten- 
sive manuals providing numerous exam- 
ples that are readily adaptable to most 
instructors' needs. The text editor, 
^ sed on the Pascal p-System editor, is 
\ ersatile and responsive. The graphics, 
sound, and character set editors are. pleas- 
ant and easy to use. Elaborate graphics 
resembling those produced by MacPaint 
on the Macintosh computer can be cre- 
ated with MousePaint on Apple II com- 
puters. However, to make these graph- 
ics usable by SuperPILOT lessons, 
they must be converted first from the 
ProDos to DOS 3.3 format and then, 
with the public domnin utility, 
PUFFIN, to Apple Pascal files. 

A serious defect of Apple and Super- 
PILOT is the slov»ness of the program- 
ming cycle. The source code is easily 
typed into a text file with the editor of 
the Autlior diskette, but it must then be 
saved on a lesson diskette before it can 
be tested. The lesson file and interpret- 
er must be loaded into memory from 
separate diskettes to run the lesson. To 
make a correction, the editor must again 
be called from the Author diskette. The 
process is not at all interactive and is 
inefficient because of almost constant 
diskette activity. Masochists may 
argue that this enforces a more disci- 
plined approach to programming. 
However, for all but the most patient 
and skilled, authoring soon becomes a 
tedious experience. 



PC/WLOT 

This version for the IBM PC and com- 
patibles is a refinement of Common 
PILOT developed by G. Gerhold and L. 
Kheriaty from the original PILOT of J. 
Starkweather. After evolving over 
some years, it appears to be approach- 
ing its final form in version 2.1. The 
facilities available are more advanced 
than those of SuperPILOT. Program- 
ming with PC/PILOT is noticeably 
faster, and lessons run more quickly and 
respond more rapidly to student input. 
In contrast to the Apple products, the 
authoring utilities of POPILOT are 
not protected, so programming and 
testing can I z speeded further by instal- 
ling the necessary files on a hard disk. 
As mentioned earlier, lessons in their 
final form can be protected from unau- 
thorized tampering by encryption. 

The graphics editor of PC/PILOT is 
useful for creating simple shapes and 
pictures. For more elaborate pictures, 
other graphic creation products must be 
used. Files that use the BSAVE/ 
BLOAD format can be compressed to 
conserve diskette and memory space and 
can be called directly from lessons. 
Other formats, such as that produced by 
PC Paint, must be converted with a 
utility obtained on a separate diskette 
from Washington Computer Services, 
the distributors of PC/PILOT. 

Good example lessons are provided 
on tne PC/PILOT diskette. However, 
the manual contains only a few illustra- 
tions of program fragments and is 
about one-fifth as large as the two man- 
uals supplied with Apple and Super- 
PILOT. Indeed, an instructor unfamil- 
iar with PILOT ma> have some difficul- 
ty learning the language using only 
PC/PILOT examples on the diskette 
and the manual. The problem is not so 
much with the commands and syntax of 
PILOT as with learning how to take 
full advantage of the language to gener- 
ate educationally meaningful lessons. 



In this re^^ard, the tutorial section of the 
PC/Pn.OT manual and the examples 
supplied are of some, but limited, help 
to the beginner. A better approach is to 
start by studying examples (in any 
PILOT dialect) of educationally effec- 
tive lessons, preferably in the begin- 
ner's own discipline. 

As with other versions of the lan- 
guage, new lessons and revisions are 
made with a text editor. Unfortunately, 
the "EZ" text editor provided with PO 
PILOT lacks a replace command, and 
the default setting for text entry is tO 
overwrite. Except when producing ma- 
terial for screen projection with 40 char- 
acters per line, I use PC Write to author 
and edit lessons. Despite these limita- 
tions, PC/PILOT version 2.1 is current- 
ly the version of the language that I 
prefer. 

MacPIl,OT 

MacPILOT, the version of the language 
for the Apple Macinfosh computer, is a 
close relau/e of PC/PILOT and shares 
most of its strengths. 

All the standard PILOT commands 
including those for generating sounds 
are available. Graphics are created with 
MacPaint. Also, photogiaphs digitized 
with Thunder Scan can be transferred to 
MacPaint documents and called by 
MacPILOT, allowing lessons to be 
illustrated with half-tone images of 
biological specimens, radiologic films, 
or other visual aids. The standard 
Macintosh commands of Cut, Copy, 
and Paste are available for editing text, 
but a Find/Replace utility is not pro- 
vided. It may therefore be necer^saiy to 
transfer laige lesson files to a text editor 
such as MacWrite for extensive changes 
and then back to MacPILOT for testing. 
The process is as teJiv/US as working 
with Apple or SuperPILOT. However, 
the initial authoring and interactive 
response of the lessons are quite fast 
because of the speed of the Macintosh's 
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68000 processor. 

Version l.Oi of MacPILOT permits 
programming of a few screen-oriented 
devices such as dialog boxe.s with but- 
tons that can be clicked and windows. 
Most of these function like, but do not 
look like, the corresponding Macintosh 
features. This is no problem for stu- 
dents who are more concerned with the 
substiintive content of a lesson rather 
than with using the machine in its 
standard "intuitive" mode. 

MacPILOT communicates with the 
programmer through \h^ standard Macin- 
tosh user interface. However, as noted 
above, the full interface is not yet avail- 
able for the programmer to include in 
lessons. Consequently, the resulting 
product may seem primitive visually 
and operationally to those familiar with 
other applications on the Macintosh. 
This may not be a serious defect for the 
nonprofessional profammer who does 
not wish to learn the rather complex 



concepts involved in using advanced 
features such as the Macintosh window 
manager and the event manager. 

Hopefully, in future revisions of 
MacPILOT, the programmer will be 
given control over the presence or 
absence of the mouse pointer on the 
screen. It would be desirable to allow 
the student user to start a lesson directly 
without first learning how to deal with 
the mouse, the desk-top, and other pecu- 
liarities of the Macintosh interface. 
Perhaps later versions will also permit 
the programmer to end the learning ses- 
sion with a command to eject the disk- 
ette and reset the machine. 

Additional information about PILOT 
and its various versions can be found in 
the following references: 

PILOT: 

Collins M: PILOT - a biologist's view 
of an authoring language. Am Biol 



Teacher 47:493-495, 1985. 

Merrill PF: The ca.s2 against PILOT, the 
pros and cons of computer-assisted 
languages and authoring systems. 
Creative Computing 8:70-77, 1982. 

SIG PILOT Newsletter: Associalion for 
ihc Development of Computer-based 
Instructional Systems, Vol 1, No 1, 
August, 1985. 

Stiirk weather J: A user's guide to PILOT. 
Engiewood Cliffs, NJ: SpeclrunV 
Prentice Hall, 19S5. 

Apple PILOT and SuporPILOT: 

Hazcn M: Computer- assisted instruction 
wilh PILOT on the Apple computer. 
Educ Tech 22:20-22, 1982. 

Weisman, SM: SuperPILOT. InCidcr 
1:54-64, 1983. 

IBM PC/I>ILOT: 

Diamond stone J, Brodie J: Flying high 
with PILOT. PC Magazine 3:212- 
221, 1984. 



EDITOR^S NOTE 

The Nauonal Resource for Computers in Life Science Education is now 
accessible through the BITnet international computer network. Check with 
your campus computer center to learn more about BITnet and how to access 
the network at your location. To contact NRCLSE through BITnet, 
address mail to: 

MODELL@UWALOCKE 
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The range of applications of the com- 
puter in life science curricula is broad, 
extending from drill and practice multi- 
ple choice exercises to data base manage- 
ment of student records and use of word 
processors for syllabus preparaticHi. 
Within this spectrum lies a variety of 
uses for simulations to promote 
problem-solving and conceptualization 
of principles and interactions exhibited 
in living systems.^ Computer 
models have provided students with a 
greater opportunity to work with ele- 
ments of a controlled system or sys- 
tems. Unfortunately, however, a criti- 
cal mass of simulations covering most 
biological systenis does not exist cur- 
rently. Thus, one is faced with three 
options; I) do not include simulations 
in the curriculum, 2) use computer 
models in those portions of the curric- 



ulum for which software currently ex- 
ists, or 3) develop a series of models 
covering all appropriate aspects of the 
systems being taught The intent of 
this article is to provide some insight 
info issues to be considered and possi- 
ble strategies foi approaching Simula- 
tions to be used in classroom settings. 
Specific examples will be drawn from 
the respiratory mechanics models in the 
series Simulations in Physiology - The 
Respiratory System^ 

SHOULD MODELS BE SIMPLE 
OR COMPLEX? 

Establishing an overall philosophy 
governing the complexity of the models 
to be developed is an in^rtant first 
st^. In the research realm, there is no 
question that the simulation should in- 
clude as much of the :>ystem as is pos- 
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sible to account for all f^ctsxs contribut- 
ing to observed phenomena. When ap- 
proaching simulations for teaching, the 
tendency is to take the same attitude. 
Although such models may provide an 
excellent tool for demonstrating the 
operation of the entire system, they 
may mask the cmtribution of individ- 
ual components. Unlike die real world, 
the computer offers the opportunity to 
dissect the system into its varous con- 
ceptual components, examine each com- 
ponent, and reassemble the system to 
gain a better understanding of how com- 
ponents contribute to the woddngs of 
the vAiole. Hence, to help students 
build a conceptual framewodc, nKXlels 
based on a limited number of imnciples 
should i»ecede larger complex models. 

The step-wise set of models may be 
approached from several avenues. The 
most obvious is to create a family of 
simulations of varying complexities. 
A second approach is to build a com- 
plex model initially and instinct the stu- 
dent to set a group of variables to con- 
stant values lepresentiaig the simpli- 



fying ^sumptions. This avenue, how- 
ever, does not allow the input/output 
scheme to be tailcned to (H'oviding max- 
imum insight into that portion of the 
system under investigation.^ A third 
avenue is to build a complex model ini- 
tially, but make several versions of this 
model rejwesenting different levels of 
complexly available to the students. 
In this way, the input/output schemes, 
mor messages, and procedures can be 
focused on relevant portic»is of the 
system. 

The two i^ograms dealing with respi- 
ratory dynamics in Simulations in Hiys- 
iology provide a good example of this 
approach. Both programs are based on 
the same mathematical model, but differ- 
ent assumptions and choice of input/ 
output values are used when the mode! 
is presented to the student 

A schematic reinesentation of the gen- 
eral model is shown in Figure 1. Vol- 
ume of the respiratory system, expres- 
sed as separate inspiration and expira- 
tion cosine functions, drives the simula- 
tion with inspiration representing 0.4 



of the respiratory cycle. 

Lung and chest wall compliances are 
assumed to contribute equally to the to- 
tal respirattxy compliance, and only the 
linear portions of the [vessure-volume 
curves are considered. Functional Resid- 
ual Capacity (FRQ, the resting volume 
of the a'^iratoiy system, is determined 
from the pressure-volume curves of the 
lung and chest wall using the compli- 
ances provided by the student and fixed 
resting volumes of the lung and chest 

Wdll. 

The tidal volume (Vt) and frequency 
define the characteristics of the cosine 
driving functions which determine vol- 
ume changes (AV) Mdthin each time in- 
crement The FRC locates the position 
of the volume changes widun the vol- 
ume range of the respiratocy system. 
This volume (V), m conjurx:tion with 
the pressure-volume characteristics of 
the lung and chest wait determine the 
pressure difference across each of these 
structures opposing elastic forces with- 
in the structure (Pel| and Pelcw)- Row 
(V) during each increment, determined 
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FIGURE 1. Schematic representation of respiratory dynamics model Sec text for description. 
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FIGURE 2. Ou^ut of fust stuo'ent program based on the model shown in Figure 1. 
The student enters values for lung con^liance (C), aiiway resistance (R), and tidal 
volume (VT). The output displays data related only to the lung. 



by dividing the volume change by the 
time increment, is divided by the specif- 
ic aiiway conductance (G) to yield the 
pressure difference across the airways le- 
spcmsible for the flow. Since inessure 
at the airway opening is assumed to be 
zero, this pressure represents alveolar 
p-essure (Palv). Peli is subtracted from 
Palv to yield intrapleural pressure (Ppl), 
and subtracting Pel^yv from Pjpl pro- 
vides a value for the effective jx^ure 
generated by tfie respiratory muscles 
(Pmus). 

Specific aiiway conductance (conduct- 
ance per unit lung volume) in the nKxl- 
el depends upon airway resistance chamc- 
terisdcs defined by die student through 
the input scheme. 

When the student encounters the mod- 
el as the first dynamics program, respira- 
tory frequency is fixed, and chest wall 
characteristics are defmed within die pro- 
grant Input values peitain only to de- 
fining lung charact^dcs (con^liance, 
aiiway resistance, and ddal volume), 
and die ouq)ut includes values peitain- 
ing to die lung only (see Figure 2). 

When encomitered later in die series, 
die model appears quite differendy to 
die student Input values refer to die 
total respiratory system and i^-ovide a 
wider range of investigations. For 
example, respiratory frequency is now 
an input variable, and die ratio of air- 
way resistance during expiration to diat 
during inspiration can also be varied 
The ouput scheme (see Figure 3) now 
provides information concerning die 
whole respirat(xy apparatus. 

DEVELOPING SIMLXATIONS 
Having considered die complexity is- 
sue, die task of developing die actual 
simulations remains. For the novice, 
die key question becomes, "What is the 
best way to go about building a mod- 
el?" Again, several avenues exist 

The respiratory dynamics model de- 
scribed above illustrates one approach. 
Based on a knowledge of the physiol- 
ogy of die system, mathematical equa- 
tions were developed describing the var- 
ious interactions. The equations in this 
model arc primarily simple algebraic 



expressions diat are not difficult to eval- 
uate. Other simuIaticMis, however, may 
require solution of systems of differen- 
tial equations, an ^parendy fcmiidable 
task for one unfamiliar with numerical 
analysis techniques. The easiest way to 
approach such simulations is to deter- 
mine reasonable im'tial values, integrate 
die appropriate equations using an Euler 
integration technique, and solve die sys- 
tem of equations duough an iterative 



process. The Euler integration tech- 
nique is an incremental summation pro- 
cess described in most mathematics 
books diat include a section on numer- 
ical analysis. It does not provide die 
fastest solution, but it is easy to under- 
stand and inclement and will suffice for 
many applications. 

Using established models 

The literature offers anodier source of 
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FIGURE 3. Output of second student program based on the nxxlel shown in Figure 1. 
The student provides values for tidal volume (VT), respiratory rate, compliance of the 
total system (Ctot), airway resistance during inspiration (Rinsp), and the ratio of airway 
resistance during expiration to that during inspiration (Rexp/Rinsp). This output provides 
data for the whole r^iratory apparatus. 
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simulations. Numerous mathematical 
descriptions of life science jrfienomena 
exist in the literature, and the task then 
becomes solving these established mod- 
els with the computer. The work of 
breathing pipgram in Simulations in 
Physiology provides an example of this 
approach. 

The model deals with the work of 
breathing in terms of its oxygen cost 
and is based on an equation developed 
by Otis' describing the rate of work of 
breathing during inspiration: 

. ^ m + ^1 n2l2Vt2+?^2 n2f3vt3 

where C is the compliance of the respi- 
ratory system, f is the respiratOTy fre- 
quency, Vt is the tidal volume, and Kj 
and K2 are constants related to airway 
resistance. The Hrst term in the above 
equation represents the rate of work 
done against elastic forces, while the 
remaining terms reiH-esent the rate of 
woik done against resisiive fcx-ces. 

The relationship between constants 
K| and K2 was derived from pressure- 
flow data fitted by Mead and Agostoni.2 
K2 is taken as the airway resistance val- 
ue provided by the student, and K2 is 
1.32 times this value. 

Using physiological units in th^ 
woik equation yields data expressed as 
kg-m X 100. To convert these values 
to oxygen consumption, it was assum- 
ed that 1 ml O2 is equivalent to 2 
kg-m7 and that the respiratory muscles 
are 10% efficient Experimental data 
have yielded mechanical efficiencies of 
the respiratory system ranging from 2 
to over 20%.7 

The model calculates the oxygen cost 
of elastic, resistive, ajid total work of 
breathing during inspiration for a con- 
stant alveolar ventilation over a range 
of respiratory frequencies. The student 
defines the experimental conditions by 
providing values foi the alveolar venti- 
lation, airway resistance, and respiratory 
compliance. 

Note that this model deals only with 
the inspiratory phase of breathing in a 
physiological system where the expira- 
tory phase can make a significant contri- 



bution to the totpl wofk of breathing. 
In choosing to use a simulation with 
this Unitation fcr educational purposes, 
one must ask wtiether the model can 
enhance the student's understanding of 
factors contributing to the wcKk of 
breathing. We decided that it did if the 
student was made aware of the limita- 
tioa 

Using function generators 
A third approach to the problem of gen- 
erating simulations is to employ gr^hi- 
cal analyses. The literature is replete 
with graphical data describing relation- 
ships between variables. Models can be 
generated by associating these i .elation- 
ships in an ^pr(^ate manner. The 
problem then becomes one of transla- 
ting the graphical data into a form suit- 
able for computer analysis. This can be 
achieved through potentially complicat- 
ed curve-fitting and regression analyses, 
(X more simply, through the use of 
function generates. 

To use a function generatcx", the data 
plot is s^oximated by a series of 
straight line segments. The cocxxlinates 
of the seginents are reovded in a data 
array accessed by the function generator 
routine. When a value fox the indepen- 
dent variable is entered, the routine 
searches for the two coordinates that 
bound the input value. The dependent 
variable value is then calculated by a 
linear extrapolation between these two 
coordinates. An example of a function 
generator written in BASIC is shown in 
Figure 4. 

Extensive use of a function generator 
is used in the flist 1 ogram in the Simu- 
lation in Physiology series. This mod- 
el allows examination of the elastic 
characteristics of the lung and chest 
wall and how these interact to determine 
the static characteristics of the respira- 
tory system The model is based on 
pressure-volume curves of the lung and 
chest wall presented by Knowles, Hong 
and Rahn.i Total lung capacity is as- 
sumed to be 6 liters. The lung pressure- 
volume curve is defined in the program 
as a series of nine straight line seg- 
ments, and the chest wall curve is repre- 



sented by seven straight line segments 
(Figure 5). 

In this program, the student furnishes 
data for the resting volumes of the lung 
and chest wall expressed as per cent of 
total lung capacity, the lung and chest 
wall compliance expressed as per cent 
nc»mal, and the pressure to be applied 
across the respiratoy system after the 
resting volume of the system has been 
detomined. The resting volume of each 
structure is defined as the volume at 
which the pressure difference across the 
structure (Pin-Pout) is zero. 

Based on the data ixovided by the stu- 
dent, the "^standard" curves are scaled to 
match the conditions described. The 
pressure axis is con^>re$sed oc expanded 
for each curve to match the desired 
compliance, and each curve is position- 
ed on the volunfie axis such that the 
point at whi :h tl:e curve crosses this 
axis coincide o with the desired resting 
volume. 

An iterative i»ocess is used to deter- 



FIGURE 4. Listing of a simple function 
generator. Nine data pairs are assumed to 
be stored in a two-dimensional array. L. 



100 U^ (counter) 
105Y=s1 (dummy variable) 
110IFP>L(9.1)THEN170 

(checktoseeif value 

exceeds data) 
115 IF P<0 THEN 170 

(checktoseeifvafue 

is less than smallest 

data point) 
120 IF L(U)<PTHEN145 
125 IF L(U)==PTHEN 135 
130 IF L(I.1)>P THEN 155 
^35Y::^l2) (value sought 

equals data point) 
140 GOT0 1 75 (return value) 
1451=1+1 (increment counter) 
150 GOT0 1 20 (checl< next 

point) 
155 L0=M (la^t point) 
160Y=L(L0.^H(P-L(L0.1))/ 

(L(I.1}-L(L0.1)))* 

(L(I,2}-L(L0.2)) 

(extrapolate between 

points to get value) 
165 GOT0 175 
1 70 y=1 (flags that value is 

not in the range of 
data) 

1 75 V«Y (return value sought) 
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mine the resting volume of the respira- 
tory system. An arbitrary pressure is 
chosen for the pressure difference across 
the lung. The lung volume conespond- 
ing to this distending pressure is dbtsan- 
ed from the scaled lung pressure-volume 
curve and is used in conjunction with 
the chest wall pressure-volume curve to 
determine the corresponding pressure 
applied to the chest wall. The error 
between the absolute values of the pres- 
stires ^lied to the lung and chest wall 
is then used to determine a new pressure 
difference across the lung. This process 
OHitinues until Ae magnitudes of the 
^o applied pressures arc within 0.01 
cm H2P of each other. The cOTrespond- 
ing volume is lepocted as the resting 
volume of the total system. A similar 
technique is used to determine the vol- 
ume achieved when a specified pressure 
is applied to the respiratcxy system. In 
this case, the sum of pressures across 
the lung and chest wall must be within 
0.03 cm H2O of the specified applied 
pressure. 

Compliance of the lung is calculated 
by choosing an arbitrary transpulmo- 
nary pressure greater than die transpul- 
monary pressure at the resting volume 
of the system. The volume attained at 
this iHessure is determined from the 
function generator. Changes in volume 
and the corresponding changes in pres- 
sure are thus determined from which 
compliance is calculated. Compliance 
of the chest wall is calculated using the 
same volume change as for the lung and 
determining the corresponding pressure 
change from the chest wall pressure- 
volume curve. Total system compli- 
ance is then calculated fn)m the lung 
and chest waa compliances. 

CONCLUSION 

Simulations provide an excellent aid to 
understanding and organizing concepts 
in both research and educational set- 
tings. The literature contains many 
examples of models that can be used for 
educational purposes, 2nd actual model 
building need not be a difficult task. 



{-30,1.52 

(-^0^.2; 
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FIGURE 5. Straight line approximation of lung and chest wall pressure- 
volume curves presented by Knowles et al.» The data arc used with a 
function generator of the type illustrated in Figure 4. 



However, a simulation that may be 
ideal in one setting may be far from 
ideal in the other. 

In addition to the complexity issue, 
other criteria related to input/ou^ut 
design, handling of err<M' messages, and 
the fonn and degree of direction 
provided to students must be addressed 
before succesfiil use of simulations in 
an educational setting can be achieved. 
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TRANSFERRING BASIC 
PROGRAMS FROM THE 
APPLE II TO THE IBM-PC 

James W. EckbJad 

Department of Biology, Luther College. Decorah. Iowa 



NRCLSE 



This article is written for the instructor 
who has access to software written in 
Applesoft BASIC but would like to run 
tlie programs on an IBM-PC or compat- 
ible computer. It is assumed that the 
reader has some knowledge of 'Jie 
BASIC language and is familiar with 
either the Apple II or IBM-PC. 

The Advanced BASIC (BASICA) on 
the IBM-PC has many more commands 
than those found in Applesoft BASIC. 
For example, it would usually take at 
least a dozen Applesoft lines to draw a 



circle of radius r with its center at 
screen coordinates x,y. The single 
BASICA command, ClRCLE(x,y),r, 
will accomplish the same thing on the 
IBM-PC. In ifiis article, it is assumed 
that the conversion is from Applesoft 
BASIC to IBM-PC BASICA. The 
additional commands available in 
BASICA may make your program more 
efficient, but ifiey are probably not es- 
sential to the conversion process. It is 
advisable to have a good reference work 
on IBM BASICA handy. My personal 
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favorite is Uic comprehensive work by 
Schneider.3 

DIRECT FILE TRANSFER FROM 
APPLE TO IBAi-PC 
Because both computers use ASCII 
code, it is pO:>sible to transfer files be- 
tween the Apple and IBM-PC. This is 
ebpccialiy helpful with longer programs 
that would otherwise require typing the 
program lines on the IBM-PC. Apple 
files must first be converted to ASCII 
(text) files. There are several ways to 
accomplish this, but probably the sim- 
plest is to use tiie LIST command- 
When the LIST command is used with 
an Applesoft program in RAM, the pro- 
gram will normally be displayed on the 
monitor (slot 0). If, however, the out- 
put is rr-dirccted to slot 6 (the disk con- 
troller slot), the listing can be captured 
in an Apple TEXT file. The following 
3 steps can be used to accomplish this: 

1) Load the program into the Apple's 
RAM (suppose the program's n-une 
is MITOSIS). 

2) Add the following line to the top of 
this program as line 0: 

0 PRINT CHRS(4);"0PEN 
MITOSIS TEXr':PRlNT 
CHRS(4);"WRITE MITOSIS 
TEXr:LIS; 1 --.PRINT CHR$(4); 
XLOSE MITOSIS TEXT":END 

3) After adding line 0 as shown above, 
RUN the program in memory. 

After the program has run, you will sec 
the newly created MITOCIS TEXT file 
when you CATALOG the disk. This 
newly created file is now suitable for 
transfer to the IBM-PC. 

Some fairly common communica- 
tions Capabilities (ic, a MODEM and 
appropriate softwar-*) with an Apple and 
an IBM-PC can be used to transfer an 
ASCn file. Place one system (the 
Apple) into the ORIGINATE mode and 
the other (IBM-PC) into the ANSWER 
mode. Use the Apple communications 



softwa-e to dial the IBM-PC Qiisi as 
yc:» would one of the bulletin boards 
like SOURCE or COMPUSERVE). 
Put he Apple software in a file-send 
iT.cxle and die IBM-PC software in a file- 
receive mode. Transmit the Apple file 
to the IBM-PC. and close llie IBM PC 
file. Another way to do this for sub- 
scribers to services like COMPU- 
SERVE or SOURCE is to upload your 
text file into the service using your 
Apple, call the sen^ice using an IBM- 
PC, and download the file. Both 
procedures require the same communi- 
cations hardware and software, but in 
the latter procedure, you don't need 
simultaneous access to both an Apple 
and an IBM-PC. 

Assume we decide to name our trans- 
fen-cd file MITOSIS.BAS. The file ex- 
tension, .BAS, designates a BASIC pro- 
gram on the IBM-PC. We can use the 
DOS TYPE command to see the pro- 
gram scroll on the screen. To obtain a 
print out of the listing rather than read- 
ing it from the screen, type COPY 
MITOSIS.BAS LPTl:<enter>. If file 
transfer was successful, it should look 
like the original file on the Apple. 

Because the built-in editing features 
of the IBM-PC are much better than 
those of the Apple, it is most conven- 
ient to make changes in BASIC dialects 
after the file has been transferred. 

TRANSFER TROUBLESHOOTING 
The first time you try to transfer files, 
you may find that things are not per- 
fect. Refer to your communications 
software documentation for assistance. 
You can repeat the transfer process 
again, or you might check for conform- 
ity of transmission speed (usually 300 
or 1200 baud) and ASCII character 
structure (eg, both seven data bits, even 
parity). Parameters in the communica- 
tions program should be set so that a 
carriage retum and line feed are present 
at the end of each transmitted line. If 
there are some strange characters in the 
captured file, you may have had a noisy 
phone line. 



RUNNING A BASIC PROGRAM 
ON 7 . IE IBM-PC 

When you boot software on the Apple 
II, the Appleroft BASIC interpreter is 
present in ROM, and a program can be 
run as soon as DOS has been loaded 
from the disk. With the IBM-PC, it is 
necessary to first load the BASIC inter- 
preter (usually BASICA), then load and 
run a program. This additional step can 
be made invisible to the user by using a 
batch file. For example, a batch file 
with the statement, BASICA A: 
MITOSIS.BAS,R, would first load 
BASICA from the floppy disk, then 
load and run the basic prog»"am, 
MITOSIS.BAS, from the disk in drive 
A. The BASICA that comes witli an 
IBM-PC uses portions of the code 
stored in ROM that are not present in 
the ROM of compatibles. Hence, if 
you want your program to run on one 
of the IBM-PC clones, you will need to 
have all of BASICA on the disk so it 
can be loaded into RAM. Version 2.0 
of GW-BASIC (from Microsoft Corpo- 
rauon) is like BASICA, and it will run 
programs on both the IBM-PC and 
compatibles. Of course, without proper 
licensing, it is illegal to sell or distri- 
bute disks with a copyrighted version of 
BASIC on the disk. 

There is a special batch file on the 
IBM-PC and compatible computers 
using MS-DOS called AUTOEXEC 
,BAT that will run automatically when 
a disk is booted. The following steps 
would create this file and cause tlie 
program MITOSIS.BAS to be run: 

COPY CON AUTOEXEC.BAT<'enter> 
BASICA A:MITOSIS.BAS,P-enter> 
<ctrl-z><enter> 

ADAPTING THE BASIC 
PROGRAM 

If your Applesoft program is relatively 
short and limited to standard BASIC 
statements, a l;ne-for-line translation 
can be attempted. However, if you note 
the presence of PEEKs, POKEs or 
CALLS, or if there is a major emphasis 
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TABLE 1. Some language differences l)ciwccn Applesoft BASIC and BASICA on 
the IBM-PC. 



Applesoft commands 



CATALOG 

CHRS(7) 

CLEAR 

DEL 10,20 

EXEC 

FLASH 

GET AS (keyboard) 

GET AS (random file access) 

Gk 

HCOLOR 

HGR 

HIMEM 

HOME 

HTABn 

INVERSE 

NORMAL 

NOTRACE 

ONERR GOTO n 

PEEK(37) 

PEEK(2 1 8)+PEEK(2 1 9)*256 

PEEK(222) 

PDL(n) 

PLOT x,y 

PR#l:LIST:PR//0 

VTABn 

SCRN(h,v) 

SPC(n) 

TEXT 

TRACE 

T=S1:S1=S2:S2=T 



BASICA commands 

FILE (DIR in DOS only) 

BEEP 

ERASE 

DELETE 10-20 

Use a batch file 

COLOR 16.7 

AS=INKEYS 

GETH 

SCREEN 1 

COLOR 

SCREEN2 

CLEAR 

CLS 

LOCATE.n 
COLOR 0,7 
COLOR 7,0 
TROFF 

ON ERROR GOTO n 
CSRLIN (row number) 
ERL (error line number) 
ERR (error number) 
STICK(n) 
PSET(x,y) 

LLIST (list to printer) 

LOCATE n, 

P01NT(h,v) 

SPACES(n) 

SCREEN 0,0 

TRON 

SWAP SI, S2 



on graphics in the Applesoft program, 
you v/ill probably need to rev.rite at 
least some portions of the code. In 
either case, you will need to modify 
your Applejjoft dialect of BASIC to 
conform to the BASICA dialect. Some 
of these dialect differences are listed in 
Table 1. For example, the Applesoft 
statements, VTAB 5:HTAB 10, posi- 
tions the cursor on the screen at row 5, 
column )0. The BASICA statement to 
accomplish this is LOCATE 5,10. 

Before you begin to rewrite portions 
of the Applesoft program, it will be 
helpful if you prepare a table of its 
variables. For each variable, describe 
what you think the vanable does, and 
list the line numbers where it is found. 
There arc several cross-reference utility 
programs that list line numbers where 
each variable is used. Make a similar 
list for your new BASICA version of 
the program. It is often helpful to ap- 
pend this list to your program with 
REM statements (this will assist some- 
one who may want to modify the pro- 
gram in the future). 

In Applesoft BASIC, only the first 
two letters of a variable are significant 
in disiir^^uishing between variable 
names. However, in BASICA, variable 
names are significant to the first 40 
letters. Thus, more descriptive variable 
names can be used. Another advantage 
of BASICA is the ability to designate 
double precision variables (16 signifi- 
cant figures compared to 6 significant 
figures in Applesoft). The variable, 
AA#, is designated as having double 
precision in BASICA by the inclusion 
of the # to the nghl of the name. 

PEEKS, POKES, AND CALLs 
One of the major problems in convert- 
ing an Applesoft program is handling 
PEEKS, POKES and CALLs. The Ap- 
plesoft BASIC programmer's manual 
lists dozens of PEEKs, POKEs, and 
CALLs that control the Apple text 
screen, graphics, cursor movement, 
input and output, game port, and error 
handling. Additional useful ones are 



presented in many references on the 
Apple. Ur'^Drtunately, v/hen you 
attempt to convert programs to IBM- 
PC BASICA, the PEEKs, POKEs, and 
CALLs 'vill not have the same mean- 
ings. You will have to identify what 
each of these does and convert them to 
their equivalents in BASICA. Their 
equivalents are probably not IBM-PC 



POKES, PEFks, and CALLs, but most 
likely, piirl of the BASICA language. 
For example, from Table 1 we see that 
PEEk(222) in Applesoft BASIC can be 
replaced by the ERR statement in 
BASICA. 

The greater control provided by 
BASICA on *»ic IBM-PC has usually 
resulted in less dependence on PEEKs, 
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POKES, and CALLs. On ihc other 
hand, certain features of the hardware 
can be accessed only through PEEK and 
POKE statements or an assembly lang- 
uage program. For example, the state- 
ment POKE 1050JPEEK(l052) clears 
the keyboard buffer on the IBM-PC, and 
the size of RAM in kilobytes can be 
obtained with PEEK(1043)-f256* 
PEEK(1044). These and other uses of 
PEEKS and POKEs on the IBM-PC are 
described in the two-part article by 
Schneider.^^ 

GRAPHICS CONVERSION 
There are enough hardware and software 
differences between the Apple and the 
IBM-PC that a one-for-one conversion 
of graphics portions of Applesoft 
BASIC programs is not ^''HCtical. 
BASICA has much more , verful 
graphics features than Applesoft 
BASIC, but it will require some extra 
effort to become familiar with these 
features. If the program you are convert- 
ing makes heavy use of graphics, it 



will be helpful to consult one of tiie 
many books that explains graphics pro- 
gramming on the IBM-PC. In general, 
the code for the redesigned graphics por- 
tion of the progiajn will be more con- 
cise than that needed in the Applesoft 
version. 

OTHER CONSIDERATIONS 
There are a number of additional dif- 
ferences you will discover when you 
attempt to convert programs from the 
Apple to the BM-PC, Disks for the 
IBM-PC must be "Tormatted" rather 
than "initialized"; sequential files are 
handled in a very similar fashion, ^»it 
random access files are handled dilierent- 
ly; and the DOS on the IBM-PC is 
more advanced, especially compared to 
DOS 3.3 on the Apple. Before you get 
too .volved in program conversion, 
you may find it helpful to have easy 
access to the references by Crider,> 
Helms,2 and especially the j^uidc by 
Stcck.<» After converting programs to 
BASICA, you may also wish to con- 



sider compiling your programs with the 
IBM-PC BASIC Compiler. Your pro- 
grams will run faster (usually from two 
to five times), and you won't have to 
load BASICA before programs can be 
run. 
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MENTOR: A COMPUTER PROGRAM TO 
TEACH THE DIFFERENTIAL DIAGNOSIS 
PROCESS 

John D, Macias and Roy H. Maffly 

Department of Medicine, Stanford University Scfiool of Medicine, Stanford, California 



Traditionally, medical students are 
taught to evaluate patients by taking 
long, exhaustive histories and perfonn- 
ing extensive physical examinations 
leading to ^ large body of information 
that is then sifted through to develop a 
list of possible diagnoses. This often 
results in a large list of hypotheses 
with the student requesting expensive 
diagnostic tesio to either rule in or rule 
out llie diagnoses. Experienced clini- 
cians, on the other hand, have been 



shown to use a more efficient approach 
to diagnosis.^ After obtaining a few 
pieces of critical information, the clini- 
cian formulates a short list of hypothe- 
ses, then pursues each hypothesis by 
asking good, discriminating questions, 
revising his hypothesis list as he ques- 
tions and examines the patient. 

"Mentor" is a computer program de- 
signed to give medical students the op- 
portunity to practice this differential 
d-'ignosis approach on simulated pa- 



tients while being offered guidance by a 
computerized tutor. Our aim is to teach 
medical students to refine their diagno- 
ses in the history and physical examina- 
tion by asking those questions that can 
best discriminate between the diagnoses 
under consideration. This is a more 
efficient and cost-effective approach and 
is intended to supplement, rather than 
replace, the traditional comprehensive 
approach that medical students are 
taught. 
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PILOT PROGRAM 
In our pilot program, siudenls arc pre- 
sented with any one of 13 patients tak- 
en from the records of the Stanford Uni- 
versity and Palo Alto \cterans Adminis- 
tration hospitals. Each patient presents 
with the same cardinal finding, bilateral 
ankle eden:a, but may have any one of 
11 possible disease entities (Table 1). 
Given only the patient's age, gender, 
and the duration of the edema, v/e ask 
the student for at least 3 possible causes 
of the edema (Figure 1). Mentor can 
offer assisuince should the student need 
help. 

Once the student has developed a 
short hypotheses list, each hypothesis 
is pursued individually in the history 
and physical examination. Student per- 
formance is rated according to the stu- 
dent's ability to select the best ques- 
tions to rule in and rule out a specific 
diagnosis. 

The student can question the patient 
in natural, conversational language 
(Figure 2). The physical examination 
is also done in free text, with students 
asking Mentor about specific findings. 
Because we are trying to get the student 
to use hypothesis driven questioning 
instead of a shotgun approach, we re- 
quire the student to be specific in ask- 
ing about the presence of abnormal 
findings rather than asking more general 

TABLE 1. Possible diagnoses for 
bilateral ankle edema. 

1. Congestive Heart Failure 

2. ConstriclWe Pericarditis 

3. Cirrhosis of the Liver 

4. Malnutrition 

5. Acute Glomerulonephritis 

6. Nephrotic Syndrome 

7. Acute Thrombophlebitis 

8. Inferior Vena Cava Obstruction 

9. Lymphatic Obstruction 

10. Idiopathic Cyclic Edema 

11. Chronic Venous Insufficiency 



Your patient is Maxine Brown, a 54 year old woman who 
has corfte to you because of swelling of both her ankles 
on €md off for the past year. 

To begin with our approach, when challenged by a patient 
with bilateral ankle swelling, what disease entities do 
you wish to consider in your differential diagno«?is? 
That is, what are the hypotheses you would consider in 
any such patient? 



FIGURE 1. Example of a patient introduction. 

questions. For example, we want the 
student to ask whether a heart murmur 
is present rather than asking about ab- 
normalities during ascultation of the 
hearL This also allows Mentor to eval- 
uate the student's knowledge of what he 
or she expects to be present in a given 
disease state. 

Mentor is capable of providing the 
student with many different types of 



advice and feedback on the selection of 
questions and the evaluation of diag- 
noses. The program may point out that 
a question is not relevant to the hypo- 
thesis under investigation (Figure 3) or 
that some critical information support- 
ing a particular diagnosis has yet to be 
uncovered. At various points in the pro- 
gram, the student is required to rate the 
likelihood of his diagnoses, and Mentor 



??? How severe is the swelling? 

Sometimes the swelling is so marked that I can't get my 
snoes on. 

??? Does anything m.ake the swelling better or worse? 

Being on my feet makes the swelling worse. So does hot 
weather. Lying do»/n with my feet up usually causes the 
swelling to go down some. 

??? Have you recently felt short of breath? 

Yes, I have had a lot of trouble getting my breath. It 
began about 5 years ago, and it*s been getting steadily 
worse. Now I can barely walk up 3 or 4 steps without 
stopping to catch my breath. 



FIGURE 2. Example of a student pursuing the diagnosis of congestive heart failure in 
Maxine Brown. The prompt, ???, indicates that Mentor is wailing for the 
student's question. 
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??? Are the patient ' a plams red? 



PE: Palms are not reddened. 



The presence or absence of palmar erythema on physical 
examination neither helps to rule-in nor rule-out the 
diagnosis of Congestive Heart Failure. 



FIGURE 3. Example of sludcnl qucsiioning in tlic Physical Exam mode vvitli Uilonal 
feedback bclween ilie rows of aslensks. 



may agree or disagree, citing reasons for 
disagreement if appropriate (Figure 4). 

undi:rl\ing algorithm 

The tutorial system's capabilities rely 
on tlie concept of pattern matching. 
Using this melliod of reasoning, the 
patient's findings arc best explained by 
the diagnosis that is most likely to pre- 
sent with those same findings. Our 
knowledge base consists of 141 symp- 
toms and signs, each associated with 1 1 
sensitivity values that relate the likeli- 
hood of that finding being present given 
the presence of each of the 1 1 disease 
slates. These values arc "best guess" 
estimates provided by Stanford faculty 
specialists and are employed in the ab- 
sence of true probabilities. To this 
point, they have proven to be quite 
useful for our purposes. For example, 
we estimate that dyspnea on exertion is 
approximately three times more likely 
to be found in congestive heart failure 
than in cirrhosis of the liver (Figure 5). 
Our diagnostic algorithm uses this infor- 
mation in a number of ways to deter- 
mine when a question is appropriate to 
evaluate a diagnosis and which diagno- 
sis best explains the patient's findings. 

Mentor also generates a theoretical 
ideal patient for each of the disease 
states to compare the real patient to an 
ideal patient who only has those find- 
ings that are likely to be seen in each 



disease. Tlie degree of overlap between 
tlic real patient and the ideal patient is 
both a measure of pattern fit and of con- 



fidence in llie diagnosis. The strength 
of lliis diagnostic algorillun i.s tlic ease 
with which evaluations can be ex- 
plained to tlie student and in tlie flexibil- 
ity it affords in offering the student dif- 
ferent types of guidance given variable 
amounts of infomation. 

OTHER APPLICATIONS 
Although we have chosen bilateral 
ankle edema for our pilot program, 
Mentor's diagnostic algorithm and tutor- 
ial system are independent of the know- 
ledge base and associated patients. We 
will, tlierefore, be able to substitute 
other cardinal findings, willi tlieir appro- 
priate data files, and add new patients 
into the system witliout changes in 
Mentor's program code. The prograiii 



Before changing the diagnosis you are pursuing, p.lease 
rate the current diagnosis according to a scale of: 

1 for Excellent Likelihood, 

2 for Very Likely, 

3 for Likely, 

4 for Possible, 

5 for Unlikely, 

6 for Very Unlikely, 

7 for Not Enough Information. 
Please type the NUMBER, then RETURN. 



I disagree, 
than that . 



I think the diagnosis is much more likely 
Your findings fit well given the disease. 
Your findings strongly suggesting CHF are: 
History of Exertional Dyspnea 
History of Orthopnea 
History of Heart Murmur 
PE: JVP Increased 
PE: Grade 3 or More Murmur 
*** *** 



FIGURE 4. Suidenl evaluation of the diagnosis of congcsUvc hCiirl failure witli lulonal 
feedback bclween tlie rows of asterisks. 
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History of Exertional Dyspnea 



Dz: 


CHF CP 


Cirrh 


Main 


AGN 


NS 


ATP 


IVCC 


LO ICE CVI 


S+/D+: 


0.95 0.85 


0.33 


0.10 


0.33 


0.33 


0.10 


0.10 


0.10 0.02 0.02 



(S+/D+ « Sensitivity value, Dx = Diagnosis) 



FIGURE 5. Example of bilateral ankle edema knowledge base finding. 



EDITOR: COMMENT ON PILOT 



is being developed on the SlanMcd com- 
puter facility of the Stanford University 
Medical School ana is designed to run 
on Apple microcomputers for case of 
transportability to other institutions. 
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LETTER TO THE 



To the Editor: Referring to Com- 
puters in Life Science Education, Vol- 
ume 3, Number 5 (May, 1986), die dis- 
cussion of PILOT by Blanchaer focuses 
only on some versions of PILOT cur- 
rently available. When considering 
PILOT in more general terms, die fol- 
lowing omissions and inaccuracies 
should be corrected: 

1. In addition to die PILOT versions 
mentioned, also available are NE- 
VADA PILOT and Lister Hill 
PILOT for CP/M machines, UTAH 
PILOT for MS-DOS machines, PI- 
LOT PLUS for Apple and MS-DOS 
machines, and C-PILOT for UNIX 
machines. PILOT PLUS, in par- 
ticular, has a rich graphics syntax. 



2. In addition to die text editors men- 
tioned by die audior, diere is 
NEVADA EDIT, which, in my 
experience, is excellent for begin- 
ners. Furdier, it should have been 
called to die reader's attention diat, 
since PILOT source code amounts to 
on ASCII text file, any good text 
editor can be used to produce PILOT 
source code, no matter die screen 
widdi. 

3. In discussing Features of PILOT, 
die article mentions die following 
commands or statements as if diey 
were common to more dian one 
dialect of PILOT: 
"MS:strlistr2!str3!str", "S", 'W\ 
They are not. 



4. In die same section, die audior 
states diat "...die most recent user 
input is accepted by an A: is 
[always] stored in die system 
viiriable, %b. Tfiat is not always so. 

5. Finally, to suggest diat PILOT 
promotes, more dian odier 
languages, poor instructional 
strategy and design is specious. 
Over die years, I have seen more 
poorly designed lessons programmed 
in BASIC dian any other language. 

I have also seen atrocious ones 
programmed in TUTOR, PASCAL, 
FORTRAN, and, yes, even in C. 

James W. Woods 

National Library of Medicine 

Bedicsda, MD 
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SIMULATED EXPERIMENTS 
IN BIOLOGY CLASSES 

Elizabeth H. Cooper 

Biology Dqxurtment, Glendale Community College, Glendale, Arizona 



Members of the Biology Department at 
Glendale Cbmmunity CbUege are inte* 
grating computers into their teaching 
programs in a variety of ways including 
tutorial reviews, word-processing for 
lab rqxHts, and simulations. I have 
developed several simulations for use in 
iniciobiology and genetics teaching. 

In most introductory microbiology 
courses, students ate asked to identify 
an unknown bacterium in a laboratory 
project that runs for several weeks. 
Because beginning students generallly 
do not possess the skills necessary to 
handle pathogens safely, the bacteria 
used in the laboratory project are non- 



pathogenic. However, most, if not all, 
of the students in these courses are pre- 
nursing or pre-med students vho have 
great interest in pathogenic bacteria. 
They would enjoy and benefit fiom a 
project that would enable them to iden- 
tify pathogens. This prompted develop- 
ment of a simulation that allows begin- 
ning students to conduct experiments 
with pathogenic bacteria. 

The pathogens program package was 
developed in BASIC for use on the 
Apple //e computer. The package 
consists of 2 graphics files and 7 text 
files including 2 random access files 
storing information for 17 species of 
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bacteria and 14 tests. Unfortunately, 
the graphics are not in color. 

The goals in designing this software 
were to simulate normal laboratory pro- 
cedures as much as possible, to encour- 
age students to follow a logical and sys- 
tematic thought process, and to provide 
the user with as much flexibility and 
freedom as possible. I wanted the stu- 
dent to make choices and decisions and 
have as many choices to make as pos- 
sible. As a result, the students decide 
which tests to run (Rgure 1), observe 
test tubes as they appear before and after 
each test (Figure 2), and decide if the 
results are positive or negative. They 
determine whetho- identification of the 
bacterium is possible after each test 
and, if not, which bacteria can be eLni- 
nated from further consideration. 

In a sense, the simulation provides 
more freedom than an actual laboratory 
project In the lab, students run all Jie 
assigned tests in order to learn them. 
Some of those tests prove to be of 
value in identifying thdr specific un- 
known, while others prove to be of no 
value. Gn the computer, the students 
choose which tests to use and run only 
those necessary to make the identifica- 
tion. The number of tests run vary 
depending on the species being identi- 
fied and the particiUar selections made 
by the student 



In the process of identifying their 
unknown, students observe the taxo- 
nomic process in action. Unfortun- 
ately, this observation is probably not 
made consciously or actively in most 
cases. Data collected during the exper- 
iment are recorded on data sheets to be 
handed in to the instructor. Beginning 
this fall semester, students will be 
asked to research their pathogen and 
write a brief summary of the infections 
and diseases that it causes. This will 
help to further integrate the computer 
experience with other course material. 

GENETICS SIMULATION 
The other simulations are inteMed for 
biology majors. Some biology majors 
wish to transfer to honors programs at 
the university level, but to graduate 
with honors, they must take several 
honors courses while attending commu- 
nity college. The number of honors 
students majoring in biology at Glen- 
dale is too small to justify separate 
honors sections. This means that the 
needs of honors biology majors must 
be met within the framewoik of the 
existin*; course. Honors work in biol- 
ogy should logically include additional 
experimentation. However, this could 
require considerable funds and space, 
both of which are limited. 
Experimentation tluough computer 



simulations can circumvent these diffi- 
culties. I am in the process of design- 
ing a series of simulations packages to 
supplement the lab program and serve 
as the basis for additional reading and 
lab reports. These programs, too, are 
written in BASIC, but most are written 
for an IBM-PC compatible computer 
(AT&T) and employ color graphics. 

One of these packages deals with 
genetics. The programs explore inheri- 
tance of traits, singly and in combina- 
tion and, ultimately, will culminate in 
studies of crossing over and gene map- 
ping. The programs utilize 14 different 
mutants oiDrosophila selected random- 
ly. Again, the experiments ate designed 
to follow procedures that would be 
carried out in a real laboratory setting. 
Students must first learn to distinguish 
between male and female flies, then to 
recognize several mutants including 
their own. Two generations of crosses 
are made. The students identify pheno- 
types of the offspring and record the 
number of each type. Once initial data 
are obtained, as many as 50 additional 
crosses may be carried out Ultimately, 
conclusions are drawn about the manner 
by which the alleles are inherited. 
Rather than simply being told whether 
or not they are correct, a test cross is 
run so students can discover the answer 
for themselves. On the basis of their 
conclusions, students predict the off- 
spring from a cross and compare those 
predictions with observed experimental 
results generated by the computer. 

STUDENT RESPONSE 
The simulations have been enthusias- 
tically received by die great majority of 
students. Thae are a few each semester 
who are very uncomfortable with com- 
puters. Most of these are older students 
who have had little or no prior exposure 
to computers and approach them with 
great apprehension. An increasing 
number of the younger students have 
used computers at home or work and in 
other classes at school, and they are 
comfortable using them. 
From student responses, it is clear 
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select a test which will 
narrow down the possibilities- 
type the 2 OR 3 LETTER ABBPEUIATIOH 
of your choice* 
and press '^RETURU^ 



Figure 1. Computer screen from which students choose tests they wish to run. 



> „ © 1986 BY NATIONAL RESOURCE FC«COMPirrERS IN LDFESOE^ 0742.3233/86/$0.00 ♦ 100 

" ~2ib 



CX)MPUTCRS IN UFE SCIENCE EDUCATION, VOLUME 3, NUMBER 8. AUGUST 1986 



59 



AT THE END OF THE TEST> THE BROTH 
APPEARED YELLOW WITH OR WITHOUT A BUBBLE 



< to continue/ press <return> > 

FIGURE 2. Example of computer screen ^'^owing the results of a test chosen by a 
student identifying a pathogen 



that the microbiology students enjoy 
the pathogens program. They appre- 
ciate the questions incorporated into the 
program as an informal study aid for the 
lab quiz covering unknowns. They 
have also expressed pleasure with the 
identification process. Each student is 
required to identify one species on the 
computer. Twenty to thirty percent of 
the students go on to identify additional 
unknowns on their own "for the fun 
of it" 

The genetics programs have not been 
used yet by honors students, but the 
first package has been tested by three 
biology classes. The majors who have 



used the program have responded with 
requests for more. Again, each student 
is asked to run one experiment, but 
most of the majors have run several out 
of curiosity. Certainly the stimulation 
of student curiosit> is one of the most 
positive educational effects we can hope 
to achieve. 

Even though there has been a very 
positive response by students to the 
simulations, it is difficult to judge how 
much they actually learn from the expe- 
rience. I am currendy attempting an 
analysis of quiz scores in microbiology 
to see if the computer experience raises 
scores. I doubt that statistics will re- 



veal any significant difference in scores 
with and without benefit of the com- 
puter exercises. 

SIMULATIONS AS A 
SUBSTITUTE FOR LABS 
One serious limitation of computer 
simulations is that th^y do not give 
students the opportunity to develop 
manipulative skills necessary to con- 
duct experiments in a real laboratory 
setting, and certainly, one of the major 
functions of a biology lab program is 
to train students in laboratory tech- 
nique. This is one reason, among 
others, that computer experimentation 
is no substitute for laboratory experi- 
mentation. However, computer simula- 
tions can be very effective as an adjunct 
to lecture and laboratory programs, 
greatly enriching students* educational 
experience. Simulations permit stu- 
dents to cany out experiments that 
would be too risky, too expensive, or 
too time consuming to perform in the 
laboratory. They provide another learn- 
ing device, one clearly enjoyed and ac- 
tively sought by many students. Simu- 
lations provide an opportunity to re- 
view information learned in class, and 
even more important, they provide 
students with an opportunity to inte- 
grate ideas they have learned and to 
apply their knowledge creatively in new 
situations to solve new problems. 



TEACfflNG CLINICAL MEDICINE USING 
COMPUTER ASSISTED INSTRUCTION 

Michael E. Jones, John W. Mann, and Michael Aucone 

CAL Laboratory, The School of Medicine, The Flinders University of South Australia, 
Bedford Park, South Australia 



Use of computers in teaching basic 
science subjects in medical schools is 
increasing. Those who teach subjects 
such as anatomy and physiology often 
spend most of their time in research, 
and the use of small computers in labo- 
ratory based research may well have 



eased the transition towards computer 
assisted instruction (CAI) in these dis- 
ciplines. By comparison, those who 
teach more clinically oriented subjects 
frequently spend most of their non- 
teaching time in clinically oriented 
rather than laboratory oriented pursuits. 



Accordingly, these teachers have often 
had less exposure to the microcomputer 
than have their pre-clinical colleagues 
and are less inclined to see the micro- 
computer as a useful teaching aid. 

There are administrative reasons why 
the application of CAI to clinical teach- 
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ing should not be overlocked The ex- 
perienced clinician teaching the well pie- 
pared student at the bedside of a diagnos- 
tically intoesting patient probably rep- 
resents the most impoitant part of a 
good medical education. Good clini- 
cians vrfio teach effectively are a scarce 
commodit}', as are good teaching cases 
willing to tolerate students. If there are 
rate limiting processes in medical educa- 
tion, a major one is the confluence of 
the good clinicd teacher, Ae appropri- 
ate patient, and the receptive student. 
Too often these potenti^y valuable 
sessions are less useful than they might 
be because the student fails to master 
elementary clinical skills. Many of 
these skills can be practiced in comput- 
er simulations. The role of CAI here is 
not to replace good bedside instruction, 
but to eiiable the student to benefit max- 
imally from this scarce and valuable 
commodity. 

It is important that CAI be seen in 
this light by clinicians because money 
is always short, and an important 
source of discretionary funds is the prac- 
tice of clinical medicine. A medical 
school contemplating the purchase of 
microcomputers for teaching may well 
be fmancing them from funds generated 
by clinical departments. Not surpris- 
ingly, this can lead to some searching 
questi(xis, raised by those who gener- 
ated the funds, as to the usefulness of 
microcomputers in teaching clinical 
medicine. 

POTENTIAL APPLICATIONS 
Different branches of medicine require 
very different skills of their practition- 
ers, but at the intern level, a common 
denominator is the early diagnosis and 
treatment of common diseases. This 
involves taking a history, performing a 
clinical examination, determii:ing a 
differential diagnosis, and performing a 
series of supplementary tests to distin- 
guish between plausible diagnoses. 
These, and the subsequent treatment, 
often require basic procedural skills 
such as the ability to perform a spinal 
isp. Superficially, there appears to be 
very little of this that can be simulated 



usefully on a microcomput^. Let us 
consider the process step by step. 

The Clinical History 
The clinical history is a basic series of 
questions asked of all (or most) pa- 
tients, supplemented by further ques- 
tions as the particular case requires. 
Difficulties that students have witii 
history-taking fall into one of the 
following four categories. 

1) The student forgets to ask a routine 
question. 

2) The patient does not understand the 
questions but may randomly say 
*yes* or W anyway. 

3) The student may not understand the 
patienf s answer. 

4) A patient's answer fails to prompt 
the student to ask supplementary 
quei^^inns because the student is 
concentrating so much on the act of 
questioning that he or she fails to 
appreciate the logical consequences 
of the answer. 

Of these four common difficulties 
with the history, the computer can prob- 
ably assist only with the last The first 
problem may be difficult to tackle on 
some computes because 'free formal' 
input is technically hard to interpret, so 
we have to prompt the student with a 
list of possible questions. Students do 
not forget to ask routine questions 
when prompted, so the simulation is 
unrealistic. The second and third prob- 
lems are peculiar to human communica- 
tion. Man-machine conmiunication is, 
of course, often imperfect, but these 
difficulties are not a useful simulation 
of person-to-person communication 
difficulties. The first three problems 
are, in any case, best resolved by 
having the student practice taking a 
history from real patients. 

The fourth problem with history- 
taking is by iar (be most difficult for 
students to overcome because it requires 
the student to sit dowa and think about 
the logical implications of an answer 
before phrasing the next question. It is 
much easier to ask a question than to 



analyse the possible implications of an 
answer. For the student, the problem is 
not simply orie of logic, but one of 
social interaction. The student in the 
ward is asually ill-at-ease with the pa- 
tient, and a major concern is the main- 
tenance of a professional image with all 
that it implies. To the student, it im- 
plies an easy flow of questions, smiles 
and reassurance, and above all, no em- 
barrasing silences. Many students find 
it almost impossible to think analytical- 
ly during the patient interview and are 
not prepared to interrupt the conversa- 
tion to think in silence. Here, the simu- 
lated interview with the compute** can 
be more useful than the real-life situa- 
tion. There are no social disincentives 
to letting the microcomputer sit quiet- 
ly while the student marshalls his 
thoughts. 

The Physical Examination 
The second stage is the process of physi- 
cally examining the patient Here, the 
contribution of a compute simulation 
is very limited. The extent of chest 
movement, the presence of bowel 
sounds, the enlargement of liver or 
spleen, and the assessment of anal 
sphincter tone are representative of 
things that must be mastered at the 
bedside. The microcomputer is not an 
efGcient tool leading to the mast^ of 
these skills. Neither is the 'bells and 
whistles* approach of appending a pleth- 
ora of peripheraJ devices to ihe comput- 
er such as tape recoders to present heart 
sounds and automated slide i^ojectors to 
present visual information. These dp- 
pendages may be mechanically unreli- 
able and rarely present more than a 
small fraction of the necessary clinical 
informaticHi. A tape reo^ding of heart 
sounds, for instance, give an imperfect 
idea of the extent to which a murmur 
radiates to the axilla and neck and trains 
the student to concentrate only on the 
sounds and not their relation^ip to the 
palpated carotid pulse or the visual 
clues in the neck veins. Many of these 
objections may carry less v/eight when 
microcomputers are reliably connected 
to a random-access video disc, but the 



© 1986 BY NATIONAL RESOURCE FOR COMPUTERS IN UFE SOENCE EDUCATION 0742.3233WtO.00 ♦ ZOO 

— — J5T9 



COMPiniERS IN UFE SCIENCE EDUCATION, VOLUME 3, NUMBER 8, AUGUST 1986 



61 



principle will still be the same. Even 
in a predominantly visual field such as 

the differential diagnosis of rashes a^id 
skin lesions, the assessment of indura- 
tion or skin temperature requires tactile 
im'ormation that audio-visual facilities 
cannot supply. It is a mistake to use 
compute in an increasingly expensive 
attempt to simulate patients unless the 
compaVST is intrinsically cqiable of 
being of more use as a teaching aid than 
a real patient In general, the patient is 
far better at teaching physical examina- 
tion than is a compute. 

There is, however, one aspect of the 
physical examination i^i which the com- 
pute is betto*. It is analogous to the 
problem discussed earlier in history 
taking. When students perfc^ a phys- 
ical examination, the process often de- 
genoates into something very similar 
to a dance routine in which ritual move- 
ments are performed with a minimum 
of cerebral input Not only is the phys- 
ical examination p^cmned quite inde- 
pendently of the informaticxi obtained 
from the history, but pathological fmd- 
ings at one stage of the examination 
fail to alert the student to the possibU- 
ity of abnormal findings elsewhere. A 
common example involves patients 
claiming to take beta-blockers as medi- 
cation and the student failing to ex- 
amine the fundi for hypertensive 
changes. Students oft^ commeiit of 
the presence of ankle edema but fail to 
comment on the presence or absence of 
varicose veins. 

The underlying problem, again, is 
that the student fails to recognize the 
significance of a physical finding and 
consequently fails to direct the physical 
examination accordingly. The reason 
for this, I believe, is not that students 
are universally stupid or lazy (as genoa- 
tions of attending physicians have un- 
kindly assume(0» but that they are too 
self-conscious to take time out to think 
while inconveniencing a patient with 
their presence. This is a major problem 
in teaching clinical skills, and it is one 
that persists well into postgraduate med- 
ical education. It is a problem that can 
be tackled effectively with CAI. The 



computerized patient management prob- 
lem allows the student to digest the 
significance of one physical sign before 
seeking anoth^. For example, if a sim- 
ulated patient is hypertensive, the stu- 
dent needs to know the position of the 
apQX beat and, if this is displaced, trach- 
eal deviaticm and scoliosis should be 
sought The value of the compute is 
not in teaching students how to take a 
blood pressure, palpate the precordium, 
or recognize a scoliosis, but to train 
them in the branching logical inocess 
that leads them to seek these physical 
signs. CommcMily, when students de- 
monstrate poor clinical skills, it is not 
because they are incapable of eliciting 
physical signs, but ba:ause they £ail to 
seek them. That is the major unre- 
solved problem in the teaching of 
clinical skills, and it is an area in v/hich 
the compute simulation has much to 
contribute. 

Diflerentia] Diagnosis 
Aft^ taking an adequate history and 
performing the physical examination, 
the next step is the diagnosis, or, fail- 
ing that, listing a differ^tial diagnosis. 
The extent to which the computer is 
seen to be useful here depends very 
much on how one believes a diagnosis 
is reached. As students, we oft^ failed 
to progress bom the data base of his- 
tory and examination to the ccHtect diag- 
nosis until prompted by the attrading 
OT consultant lAysician. The consul- 
tant, impatient with our fumbling 
powers of deduction, would proceed to 
demonstrate how the application of ele- 
mentary logic, together with a rudimen- 
tary grasp of anatomy and physiology, 
should lead even the feeblest mind to 
the conect diagnosis. GeneraticHis of 
medical students have come away from 
their ward exposure convinced of their 
total incapacity to think logically. 

We all know that medical students are 
really quite bright and that doctcxs are 
past their intellectual peak by the time 
they reach consultant status. In fact, 
the arrival at a diagnosis is not so much 
an intellectual task as one of patt^ 
recognition, rather akin to the process 



by which a three-year-old 'earns to 
distinguish between a cow and a horse. 
Humans are very good at pattern recog- 
nition. The clinician diagnoses heart 
failure not by a supreme intellecdal 
effort but b^use one case looks very 
much like another. In a teaching hospi- 
tal, one has no choice bul to inteilectu- 
alize this and explain to students ^he 
difference between right ventricular fail- 
ure, left ventricular failure, asthma, and 
terminal emiAysema. In much the 
same way, to continue the analogy 
above, one could devise a set of rules 
whweby someone unfamiliar with the 
countryside could distinguish between a 
cow and a horse (presence or absence of 
udder and horns, auditcvy data such as 
'moo' or 'neigh'), but no one seriously 
imagines that a cowboy consciously 
applies such a set of rules when d^id- 
ing which animal to saddle up in the 
morning. The experienced clinician 
makes common diagnoses by pattern 
recognition and intellectualizes this 
retrospectively for the benefit of stu- 
dents. It is a process of retrospective 
induction rather than one of deduction. 

The implication of this for CAI is 
that the computer is unlikely to be able 
to simulate the diagnostic {Rocess be- 
cause it cannot provide the spectrum of 
clues that contribute to the pattem, 
clues such as the cool, clammy palms 
and anxious look of the patient These 
are things that the experienced clinician 
will note subconsciously. 

Having said that, it is clear that net- 
ther the medical student noc the raw in- 
t^ can hope to reach a diagnosis that 
way. Diagnosis by pattOTi recognition 
is only possible aft^ a disease has been 
seen many times. Interns often have to 
diagnose correctly the fu-st time they 
see some diseases, so they must be 
taught a method of diagnosis that is 
quite different from that which they will 
use lat^ in their care^. Once it is 
accepted that the initial diagnostic pro- 
cess for students and interns is often 
qualitatively very different from that 
used by their seniors, the artificial 
scenarios created in ccnnputerized pa- 
tient management problems begin to 
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look more auractive as a teaching aid. 
They encourage the student to maintain 
a differential diagnosis of plausible dis- 
eases and gather additional data in a 
manner that will maximize diagnostic 
information at minimal patient risk. 
The computerized patient management 
problem can quite lealistically simulate, 
and teach, the optimal use of laboratory 



and other ancillary investigations to 
confirm or rule out diagnoses. Similar- 
ly, it can comment on response to treat- 
ment and the altered diagnostic probabil- 
ities that this implies. This is useful 
training, both for the initial diagnosis 
of uncommon diseases and for confirma- 
tion of diagnoses in common diseases. 
It is a mistake to assume that this sim- 



ulates the process by which most com- 
mon diseases are initially diagnosed in 
practice by seniir clinicians, h is also 
a mistake, however, to imply that this 
seriously limits the usefulness of the 
computer in simulating the diagnostic 
prc*.ess for trainees whose diagnostic 
processes arc necessarily quite different 
from those of their senior colleagues. 



WHERE'S THE SOFTWARE? 



In die past, we have published several 
lists of life science softwarc sources and 
programs or program areas available 
through them. The most notable, the 
result of a survey of 98 vendors by Beth 
Johnson, appeared in the July, 1985 
issue. The following list is presented 
as the latest in a continuing effort to 
make colleagues awarc of potential 
resources. As in the past, no attempt 
fc^ been made by ^^RCLSE to review 
these materials. In future lists, after 
our plaiuied peer critique mechanism is 
in place, indication of ^views wiil also 
be presented. 

This mwith's software entries were 
presented at the 1986 meeting of the 
Federation of American Societies for 
Experimental Biology (April, 1986) or 
at the recent Cbngrcss of the Internation- 
al Union of Physiological Sciences 
(July, 1986). The content area is 
primarily physiology. 

If you have found specific software 
helpful in your teaching efforts, please 
let us know about the piogram(s) and 
supplier<s) so that we can make fliis 
information available through future 
Where's the Software listr Send 
pertinent information to Dr. Harold 
Modell, NRCLSE, MaU Stop RC-70, 
University of Washington, Seattle, WA 
98195. 

Drs* Joel Michael and Alan Rovick 
Department of Physiology 
Rush Medical College 
1750 West Harrison Street 
C3iicago,IL 60612 



CIRCSIM 

Cardiovascular Physiology simulation 
CIRCSYS 

Cardiovascular Physiology lesson 
REFLEX 

Cardiovascular Physiology lesson 
FLUID COMPARTMENTS 

Physiology lesson 
LENGTH-TENSION 

Simulated Physiology laboratory 
FORCE-VELOCITY 

Simulated Physiology laboratory 



Dn Joseph Boyle 
Department of Physiology 
New Jersey Medical School 
100 Bergen Street 
Newark, NJ 07103 
(201)456^64 

PUFT 

Calculates predicted values for com- 
mon pulmonary function test after 
patient data are input 

CIRCSYST 
Simulation based on ventricular 
forcerimpedance and the Guyton right 
atrial pressure:cardiac ou^ut relation- 
ship 

CAPEXCH 
Covers factors involved in the Star- 
ling Hypothesis determining filtration 
and reabsorption of water through the 
capillary endothelium. 

RESPSYST 
Respiratory Physiology simulation 

GASEXCH 
Simulation dealing with gas exchange 



at the lungs and at the tissues 
EKGTUTOR 

Developed in association with K J. 

Friedman, J. Black and G. Robinson. 

Utilizes graphics and simulation to 

teach basic EKG theory. 
ABGAME 

Acid-base tutorial in a game fonnat 



Lrn C- Specht 
Department of Pharmacology 
Puerto Rico Medical School 
GPO Box 5067 
San Juan, PR 00936 
(809)753-4731 

CVMODL 
Cardiovascular simulation 



Dn James Randall 
Department of Physiology 
Myers Hall 
Indiana University 
Bloomington, IN 47405 

Basic Electrophysiology simulations 
Basic Cardiovascular simulations 
Human-80 
Integrated systems physiology model 



Dn David Bashor 
Department of Biology 
University of North Carolina at 
Charlotte 
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Charlotte. NC 28223 

INSULIN 

Physiology simulation 
HH. HH2PULSE 

Hodgkin-Huxley simulations 
MCNEURON 

Neuron model 
LOOP 

Counter-current multiplier simulation 



Dr. Harold Model! 

NRCLSE 

Mail Stop RC-70 

University of Washington 

Seaule. WA 98195 

Simulations in Physiology - The 

Respiratory System 
A series of 12 simulations covering 
respiratory mechanics, gas exchange, 
chemoregulation of respiration, and 
acid-base balance 



Dr. Harold Hempling 
Department of Physiology 
Medical University of South Carolina 
Charleston, SC 29425 

Exam generator 



Dr. CJ. Dickinson 

Department of Medicine 

Sl Bartholomew's Hospital Medical 

College 

West Smithfield, London ECl A 7BE 
United Kingdom 



NacPUFF 

Simulation of the respiratory system 
MacMAN 

Cardiovascular Physiology simulation 
MacPEE 

Renal Physiology simulation 
MacDOPE 

Pharmacology simulation 



Dr. R.L.B. Neame 
Faculty of Medicine 
University of Newcastle 
New South Wales 2308 
Australia 

Pediatric patient simulation 



Dr. Charles Bishop 
508 Gcizville Road 
Buffalo, NY 14226 

FRAMEMED . Framework of 
Medicine 

Relational data base 
DISEL • Disease Elements 

Information management tool 



Dr. H. Glenn Bohlen 
Department of Physiology and 
Biophysics 

Indiana University School of Medicine 
635 Bamhill Drive 
Indianapolis, IN 46223 

Acid-Base Physiology 

Simulation 
Gas Diffusion in the Lung 



Model of oxygen and CO2 transfer 
between alveolar air and blood 



Dr. Richard Meiss 
Department of Physiology and 
Biophysics 

Indiana University -School of Medicine 
635 Bamhill Drive 
Indianapolis, IN 46223 

Skeletal muscle mechanics 
6 program set of simulations 



Dr. Carl F. Rothe 
Department of Physiology and 
Biophysics 

Indiana University School of Medicine 
635 Bamhill Drive 
Indianapolis, IN 46223 

Cardiovascular interactions 

Cardiovascular Physiology simulation 
GRADEBK 

Program for the analysis of a large set 

of grades 



Instructional Simniat?oa<; 
Nils Peterson 

Computing Service Center 
Washington State University 
Pullman, WA 99164-1220 
(509) 335-0411 

CVSAD 

Cardiovascular Physiology simulation 
PML 

Pulmonary mechanics lab 
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DEVELOPING COMPUTER 
ASSISTED INSTRUCTION FOR 
ANATOMICAL SCIENCE 
EDUCATION 

Bruce J. Murphy 

Discipline of Anatomy, University of Osteopathic Medicine and 
Health Sciences, Des Moines, Iowa 



The most common mode of anatomical 
science instruction in medical school is 
the lecture and laboratory format While 
this format has been generally adequate 
for mass education, increased student 
enrollments, decreased curriculum time, 
availability of anatomical materials, and 
faculty constraints have made it progres- 



sively more difficult for students need- 
ing remedial help to obtain it The 
Discipline of Anatomy at the Univer- 
sity of Osteopathic Medicine and Health 
Sciences had a icqmrement for a mech- 
anism to provide efficient remedial in- 
struction. This mechanism needed to 
promote problem-solving and provide 
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visual le-enforcement to text but in an 
individualized and private learning envi- 
ronment Consequently, the possibility 
of utilizing computer assisted instruc- 
tion (CAI)3 to enhance and supplement 
first year medical anatomical science 
courses was explored by the Discipline. 
This paper details the development of 
our anatomy software. 

Although the University maintained a 
data processing center containing a 
mainframe computer, the center was not 
used because of its inaccessibility to 
both faculty and students. After consid* 
erable evaluation, the hardware selected 
for CAI was the Apple U family of 
microcomputers with supporting periph- 
eral devices. This choice was due to the 
wide selection of existing software. 
However, it was soon learned that, al- 
though there were considerable clinical 
and physiological simulation programs 
available, there was a lack of adequate 
microcomputer software in the anatom- 
ical sciences. This meant that we had 
to contract with a third party to develop 
materials, utilize authoring software, or 
have faculty invest their time in acquir- 
ing programming skills. 

Interested faculty decided to learn to 
program their own software This deci- 
sion was based on the high cost of con- 
sultants and the need for considerable 
pictorial input It was felt that most 
commercial programmers were unfamil- 
iar with designing complex computer 
graphics, especially those relating to 
the human form. Other factors to be 
considered were the selection of a pro- 
gramming language, the number of disk 
drives to be used, and memory require- 
ments. Of the various programming 
languages or authoring systems design- 
ed for the Apple, experimentation 
showed that, initially, BASIC would be 
the optimal language using DOS 3.3 
and 5 1/4" floppy disks. Only a single 
drive would be used Each program on 
a disk would require no more than 64K 
of memory. 

SOFTWARE DEVELOPMENT 

To devdop CAI program content, the 

teaching faculty initially reviewed their 



instructional materials, defmed the spe- 
cific subject inauer, and then estab- 
lished definitive objectives for the mate- 
rial.i Based on student needs, programs 
were developed first in Gross Anatomy, 
then in Neurosciences, and finally in 
Histology. Of the three primary forms 
of CAI, Drill and Practice, Simulation, 
and Tutorial, only the first and last 
forms were considered appa^priate for 
our first year students. Thus, faculty 
effons were focused on developing tu- 
torial software followed by drill and 
practice programs in the tutorial content 
areas. 

As software development proceeded, 
faculty constructed their programs using 
a modified Mastery Oriented Teaching 
Unit (MOTU).^ Each disk covered a 
single broad topic and contained several 
MOTUs pertaining to that topic. Tech- 
nically, structuring text was fairly easy, 
but producing quality illustrations con- 
sumed more faculty time than anticipat- 
ed Text was designed first, and the il- 
lustrations were added later. In the inter- 
im, students were provided with a print- 
ed set of pictures keyed to the text The 
original graphics were drawn with an 
Apple Graphics Tablet using "The 
Complete Graphics System" by Pen- 
guin Software. Although several 'Jlus- 
tration programs were evaluated, this 
software system was found to be easier 
to use, giving superior control over the 
drawing procedure. The pictures were 
stored on the 6kk in an 8K format, but 
this drastically reduced the number of 
MOTUs that could be housed on a 
single disk. Updated editions of "The 
Complete Graphics System" allowed 
storage of images in either the 8K for- 
mat or in a packed format The packed 
format reduced the storage space to near- 
ly 4K, thereby freeing up considerable 
space on each disk. The Tmitation of 
BASIC graphics commands also be- 
came a problem. As programs became 
more sophisticated, it became necessary 
to use pokes and short machine lan- 
guage routines to set text and graphic 
switches and to make more efficient use 
of memory. Descriptions by Heiser- 
man2 and Stanton^ provided the best 



resource material. These routines al- 
lowed freer control of graphics displays 
on multiple screens and better interac- 
tion with text material. 

Feedback is an important part of self- 
instructional media. To provide stu- 
dents with an indication of their level of 
performance, review questions were 
added to the end of each text sequence. 
Questions were either simple True/ 
False or Multiple Choice. The open- 
ended type of question was avoided due 
to the high probability of spelling 
errors. If ♦he student did not answer a 
question correctly, the program pre- 
sented clues that provided guidmice to 
the correct response. To provide posi- 
tive re-enforcement, a screen indicating 
"You*re Correct!" or ^That's Right!" 
was presented after each correct re- 
sponse. If too many questions were 
missed, the student was sent back to the 
beginning of the MOTU. 

iTie acceptable level of student perfor- 
mance on each program was determined 
by the authoring faculty member. Each 
student was required to enter his or her 
name which was recorded on the disk. 
Evaluation consisted of students taking 
a pre-test before presentation of the ma- 
terial and a post-test at the conclusion 
of the program. Students* pre- and post- 
test scores were also recorded onto the 
disk. This allowed faculty to track the 
progress of individual students. 

PROBLEMS ENCOUNTERED 
There were few problems implementing 
this type of software among students. 
However, many students were unfamil- 
iar with computers. To orient students 
initially, directions vere printed on the 
disk sleeve. Later, si 'dents were ori- 
ented to computer use during the first 
week of classes. Other problems arose 
because some students, trying to break 
into the programs, caused disk crashes 
or erasures. The Apple Security Pro- 
gram was later used to prevent tamper- 
ing, but after the graphics were added to 
a disk, this program no longer func- 
tioned properly. As a low level pro- 
gram protection mechanism, the disk 
operating system was altered by delet- 
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ing direct commands^ The "reset" key 
was programmed to re-bcx)t the disk at 
any attempted interrupL These changes 
were accomplished by finding the right 
combinatioii of pokes by trial and error. 
A more common problem was the use 
of fictitious names on the pre- and poj>t- 
tests. 

Some students felt that the re^'iew 
questions in the MOTUs reflected the 
questions on regular course exams. 
Entoprising students copied the MOTU 
questions and answers, then distributed 
them to their classmates. 

SYSTEM EVALUATION 
This system has now been in use for 
nearly three years. It has been evaluated 
via two routes. First, students were 
asked to complete an evaluation of each 
program disk as it was used They were 
asked to identify problems, rate effec- 
tiveness, ease of use, and provide com- 
ments on MOTU content In general, 
programs were highly rated Students 
frequently requested shorter program 
loading times, a means to return to pre- 
viously displayed text, and animated 
graphics. Based on these recommenda- 
tions, programs now use the left and 
right arrow keys to either advance or 



backup the text The illustrations are 
loaded behind the appropriate text 
screen. By pressing the "P" key, the 
student can switch between graphics and 
text. Loading time has been decreased 
by using the Diversi-DOS program. 

The second evaluation method used 
was 1 comparison of pre- and post-test 
scores with course examination grades. 
It was found that students using the pro- 
grams scored at a level on course exams 
consistent with their performance on 
the programs. During one summer, 
fourteen remedial students were strongly 
encouraged to use the software. Those 
not utilizing the software continued to 
attain unsatisfactory examination 
scores. 

RESPONSE TO THE OVERALL 
PROGRAM 

The student response to these programs 
has been enthusiastic and overwhelm- 
ingly in favor of continued efforts. Not 
only are medical students using the 
programs, but the University's allied 
health science and podiatric medical 
students are now also studying the pro- 
grams. Students seem to enjoy the self- 
paced nati'xe of the software, the imme- 
diate feedback, and especially the graph- 



ic capabilities^ For belter student acces- 
sibility, more computers were put in 
the University's library, and a CAI n*> 
dia center was established. The student 
honor society has now purchased an ad- 
ditional computer for the media center. 

The effect on faculty has also been 
positive. The University has now rec- 
ognized program development as equiv- 
alait to research publications, thereby 
encouraging and rewarding faculty 
efforts. 
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PLANNING AND DEVELOPING A MICROCOMPUTER 
LABORATORY FOR USE IN A COMMUNITY 
COLLEGE BIOLOGY CURRICULUM 

Dorothy Wooley-McKay 

Department of Biology, Glendale Community College, Gkndale, Arizona 



During the last four or five years, the 
use of computers for simulations, tu- 
torials, self tests, etc. has become more 
and more important in the Life Science 
curriculum. Students seem to like tuto- 
rials, and simulations can be used to 
mimic laboratory situations that cannot 
be performed in a community college 
biology laboratory. 

At Glendale Community College, we 
are fortunate to have a microcomputer 



laboratory dedicated for use by the biol- 
ogy and psychology departments. Im- 
plementation and construction of this 
microcomputer laboratory has been a 
long and expensive process. This arti- 
cle is an attempt to trace the history of 
the development and implementation of 
our microcomputer laboratory. 

Use of computers in Human Anato- 
my and Physiology laboratories was be- 
gun spring semester, 1982 with pro- 



grams on the oxyhemoglobin dissocia- 
tion curve and acid-base balance. These 
programs became part of the Simula- 
tions in Physiology - The Respiratory 
System package.^ Use of the programs 
met with some difficulty because there 
were no microcomputers on the Glen- 
dale Community College campus, and I 
had to bring my own Apple 11+ fi'om 
home to the laboratory. Use of the pro- 
grams was very worthwhile. I felt that 
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the instiuctional value of the programs 
was worth the hassle of bringing my 
computer fiom home to school and 
back. In addition to increased student 
understanding of the oxyhemoglobin 
dissociation curve, and, later in the 
course, the various variables involved 
with acid-base balance, the programs 
served as an excellent starting point for 
classroom discussions. 

EVIPLEMENTING COMPUTERS IN THE 
CURRICULUM 

Two key factors aided the implementa- 
tion of compute/ use in the Biotogy 
Department ana Glendale Community 
College. In the faU of 1982, the Col- 
lege Computer Committee was formed. 
It consists of faculty members represent- 
ing clusters of various departments. 
The commillee is very active, and com- 
mittee members were instrumental in 
helping the Biology Department set up 
a mini-iaicrocomputer laboratory. The 
second factor was an influential member 
of the Glendale Community College 
Biology Department who originally 
could see no use for computers. After 
attending a workshop on Apple II com- 
puters, he was "turned on" and became 
an important voice for the adoption of 
microcomputers in the Biology 
curriculum. 

During the 1982-83 academic year, 
planning for future use of both micro- 
computers and the mainframe computer 
was the main thrust of the Computci 
Committee. Our planning was ham- 
pered by the fact that very little money 
was available for purchase of equip- 
menL However, enough money was 
allocated to purchase three Apple //e 
computers for use by the Biology De- 
partment beginning fall, 1983. Initial- 
ly these were placed Li the offices of 
three faculty members. Because we had 
no space dedicated to a microcomputer 
laboratory, the computers were put on 
carts and moved to the laboratories if 
needed for instructional purposes. 
There was still very little interest in 
using computers on the part of most of 
the faculty. The understanding between 
the Biology faculty and the Chairman 
of the computer committee was that the 



three Ap>ples would be placed in a Biol- 
ogy-Psychology-Nursing computer lab- 
oratory beginning in the fall semester, 
1984. We made plans to do this by con- 
verting a room used for special projects 
into a multipurpose room. 

In the fall of 1984, a total of seven 
Apple lit computers and one or two 
IBM PCs were placed in the room des- 
ignated as the mulii-puipose room. Pro- 
jectors for use with slide-tape modules 
written by members of the Biology De- 
partment were also placed in this room. 

SOFTWARE DEVELOPMENT 
Once the microcomputer hardware was 
in place, the search for software started. 
At that time there was little or no soft- 
ware that we considered suitable. There- 
fore, we were forced to write our own. 
Some software was developed by indi- 
viduals on their own time, and some 
development was supported financially 
or with release time by Glendale Com- 
munity College or the Maricopa Coun- 
ty Community College District Soft- 
ware developed includes: 

• A slide-show format tutorial on 
excitation-contraction coupling3; 

• A slide-show format tutorial on 
various aspects of nervous system 
physiology3; 

• A simulation of contraction of rabbit 
psoas muscle; 

• A program on anatomical 
terminology; 

• Two programs on identification of 
microorganisms^; 

• A program dealing with Drosophila 
genetics^ 

• Several statistical programs. 

CONTINUING EFFORTS 
We continue to progress with the expan- 
sion of our computer laboratory. For 
fall, 1986, we should have a total of 10- 
12 Apple //e computers, 6-!2 Apple 
Macintosh computers, and 6-12 MS- 



DOS machines (IBM clones). The 
IBM clones and the Macintoshes will 
be connected to an Apple LaserWriter. 
The Apple //es will share dot-mauix 
printers. The room will also be used 
for the slide-tape modules, and micro- 
scopes will be available for exU*a histol- 
ogy study for Anatomy and Physiology 
students. The room is being complete- 
ly redesigned to accomodate its present 
use as a multi-use and microcomputer 
laboratory for the Biology and Psychol- 
ogy Departments. It will be open for 
student use 8-12 hours/weekday and 4 
hours on Saturday. We continue to 
write our own software. 

All of the Biology Department fac- 
ulty will have a microcomputer of their 
choosing in their offices by fall semes- 
ter, 1986. These will be used for a var- 
iety of purposes, including writing or 
rewriting lecture notes, making hand- 
outs, writing tests, and grade-keeping. 

Obviously, we believe that all of 
these programs add a great deal to our 
instructional program. It is possible to 
implement certain laboratory activities 
on microcomputers that are impossible 
to do in a regular laboraton' situation. 

Students like to use con ^rs. I 
have wondered about the immense in- 
terest shown by students in the tutori- 
als. They will sit down and read text 
on the computer, but th^ do not read 
in their textbooks. I have a theory that, 
since present-day students ' " been 
"brought up" learning from '"^'^ the 
computer monitor seems comfortable 
and natural. Perhaps this is a sad com- 
mentary on education, but if the use of 
computers is effective in the learning 
process, then by all means, we should 
pursue this use. 
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JANUS ■ A COMPUTER INTERFACE BETWEEN 
LABORATORY AND LECTURE 

Ruth M. Sprague 

Department of Anatomy and Neurobiology, The University of Vermont Col^^ge of Medicine, Burlington, Vermont 



Throughout many years of teaching, I 
have noted that many students tend to 
compartmentalize information obtained 
in lecture and laboratory. TTiey have 
difficulty putting together the separated 
lecture material on physiology and anat- 
omy with the structural material present- 
ed in the anatomy laboratory because 
the two, lecture and corresponding labo- 
ratory, are separated from each other by 
days or even weeks. 

The Human Anatomy and Physiol- 
ogy undergraduate coiu-se at this univer- 
sity consists of three hours of lecture 
per week and one three hour laboratory 
that alternates between anatomy and 
physiology. The anatomy labaratories, 
which include both microscopic and 
gross anatomy, are planned and taught 
by me. The enroUment for this course 
is approximately three hundred students, 
and it covers two semesters from Sep- 
tember to May. 

Working one-on-one or with small 
groups, I could help some students 
bring lab and lecture information to- 
gether into a cohesive whole, but I 
could not reach all of the students to 
impart interconnecting concepts.* 
vision of the god, Janus, with one face 
toward the lecture and one toward the 
laboratory, suggested the adaptability 
and practicality of a computer program- 
ed with a review of lecture material that 
would be accessed in the laboratory. 
The computer would direct students to- 
ward the best of all graphics, the cadav- 
er, histological slides, models, and dem- 
onstrations that related to the lecture 
material. 

MATERIALS AND METHODS 
The vision became a reality when a 
computer grant from the Tandy Co. was 
awarded.^.* It consisted of two TOS 
Model 4 computers and Author I soft- 



ware, a course authoring system that 
quickly enabled me to put most of the 
substance of the lectures on disks in a 
form that directed students toward the 
laboratory material at appropriate times. 
Author Fs limited graphic capabilities 
were no drawback because the structural 
material was right there in the labora- 
tory. The page-by-page material offered 
by the computer, to be taken at the stu- 
dent's own pace, interfaced with the lec- 
ture and laboratory information, and 
questions included in the program rein- 
forced the student/computer interaction. 

The computers were available to the 
students from 8 AM to 5 PM each week- 
day and until 8 PM on Wednesday. 
Weekend hours were added at the stu- 
dents request Students u^iing the com- 
puters had to identify themselves by 
signing in. They were told that their 
names would not be used but that they 
would be included in the computer-user 
group for statistical evaluation of the 
Janus prograin. 

To assess the effect of computers in 
the anatomy laboratory, two popula- 
tions of students were identified. One 
group, COMPUPRO, used the com- 
puiers, and the other group, COMPU- 
CON, did not use the computers. 

Four numerical grades for each group 
were analyzed statistically. These data 
included the final grade for the semester 
(100%), the final exam grade (50%), the 
anatomy laboratory quiz grade (20%), 
and the physiology quiz grade (20%). 

In addition, grades received on an 
exam given just prior to using the 
computers in the lab were analyzed for 
these same groups. Finally, to deter- 
mine if a greater number of the com- 
puter user group were already perform- 
ing at the top grade levels, a t-test was 
performed on the pre-computer exam 
grades of those students in each group 



who eamr at least 40 points out of a 
possible 50 (grades of 80 to 100%). 

The final grade for the semester was 
calculated on the basis of performance 
on three examinations, the anatomy 
laboratory, and physiology labora- 
tory. 

Student's paired two-tailed t-test was 
used to determine if the difference be- 
tween the two groups was statistically 
significant 

Log books were placed with each 
computer in the laboratory so that stu- 
dents could make comments or correc- 
tions on the lessons. 

RESULTS 

Results of the comparisons are shown 
in Table 1. Students consistently per- 
formed better in all assessment catego- 
ries after using the computers. How- 
ever, when compared to the remainder 

the whole class, this group also 
scored higher in the semester exam 
given before computers were used. Fur- 
ther comparison to determine if the 
COMPUPRO group was made up most- 
ly of students who were already perform- 
ing well indicated that this was not the 
case. 

Computer log books contained many 
positive comments fiom student users, 
no P'* *^tive comments, and some very 
he*^.^* suggestions or corrections. 

DISCUSSION 

The objectives of the Janus interface 
p» Oct were met, and some additional 
benefits and insufficiencies that had not 
been anticipated were identified. Al- 
though only 37% of the class used the 
computers, the response of those who 
used them was excellent 

Some of the reasons given by the 
non-users were lack of time needed to 
come into the !&*>, fear of using a com- 
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TABLE L Results of paired t-test (n=^0) comparing mean scores of computer users 
(COMPUPRO) and non-users (COMPUCON). 





Final 

Semester 

Grade 


Final 
Exam 
Grade 


COMPUPRO 


82.5 


40.1 


COMPUCON 


76.4 


35.3 


Standard Error of 
Mean Difference 


1.19 


0.94 


Probability 


<001 


<.001 



puter, didn't need extra help, and put it 
off until it was too late. The reason 
given most often by students not using 
the computer was that they could never 
find a tree computer to use. Two com- 
puters just were not enough for this 
sized class. 

The competition for the computers 
did, however, bring students into the 
lab to wait for a '-'^•nr- co become 
availabe, an unanticipated bonus. 
While they v/ere in the lab, they studied 
the demonstrations and found others 
with whom to study. This extra lab 
time is reflected in the statistics. 

The results of the test scores shown 
indicates that a significant difference 
exists between the grades of the comput- 
er users (COMPUPRO) and non-users 
(COMPUCON). As a control, exam 
grades by the two groups prior to the 
arrival of the computers were compared. 
The results show that the computer 
users scored higher than the non-user 
group (P<.05). This may indicate that 
the user group would have a slightly 
higher average than the non-user group 
even without computers. 

Therefore, another comparison was 
made in order to see if the use: group 
was made up mostly of students who 
were already performing well. The 
difference in performance between the 
two student popii!?tions in this compari- 
son indicated Uiat the computer user 
group was not over-populated by nor- 
mally high scorers. 
A study group, formed to tutor several 



Anatomy Physiology Prior 

Grade Grade Semester 
Grade 

17.8 18.2 34.7 

16.9 17.6 32.5 

0.30 0.20 0.96 

<.01 <.01 <.05 



students who were failing, used the 
computers. All of these people 
improved sufficiently to pass the 
course. Although aU the credit cannot 
be given to the use of the computers in 
this instance (the tutor utilized other 
learning aids besides the computers), 
the students in the study group 
continued to use the computers on their 
own after being introduced to them by 
the tutor.3 Students who need the most 
help are generally the ones who do not 
seek out their instructor and ask for this 
help. They are reluctant to demonstrate 
their ignorance to another person. 
They had no such reluctance to interact 
with a computer.7 



The following citations are presented as 
part of a quarterly feature in CLSE de- 
signed to help readers become aware of 
current literature pertinent to computer 
plications in life science education. 

Acker SR: Redesignu.g the human-machine 
interface for computer-mediated visual 
technologies. J Educ Tcchnol Systems 
14(l):23-33, 1985-1986. 

Armstrong, ML etal: Whither CAI? Am J 
Nurs 86(4):459, 1986. 

Barker PG ct al: A practical introduction to 
authoring for computer- assisted instruc- 
tion. Part 4: STAF. Br J Educ Tech 



Does this mean that machines are su- 
perior to or should replace teacliers? Of 
course noL The Janus interface shows 
how a teacher's ability and experience 
can be extended to "change, acquire, 
improve or alter performance" "...and 
lest we forget, we are teaching ma- 
chines as well - human teaching 
machines.''^ 
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COMPUTER SIMULATIONS IN LIFE 
SCIENCE EDUCATION: SOME 
DESIGN ISSUES 

Joel A. Michael and Harold L Modell 

Department of Physiology, Rush Medical College, Chicago, Illinois and 
Department of Radiology, University of Washington, Seattle, Washington 



The use of computer simulations in life 
science teaching has been a frequent top- 
ic in the pages of this newsletter. A 
number of simulations dealing with dif- 
ferent biological systems have been de- 
scribed, usually with a focus on the ap- 
proaches taken by the author in the de- 
sign or use of a specific simulation. In 
this article, we "''11 present some gener- 
al ideas about the desigii of biological 
simulations by comparing thrcc quite 
different simulations recently described 
at an international meeting. 

On Juiy 16, 1986, a symposium en- 
tilled "Computer- Assisted Learning in 



Physiology" was held as part of the 
XXX International Congress of Physio- 
logical Sciences. The goal of the sym- 
posium was to present innovative uses 
of the computer in teaching physiology 
at the undergraduate and professional 
levels. Three of the speakers discussed 
quite different approaches to the design 
hiid use of simulations for teachi: 
physiology. A consideration of the 
ilarities and differences between these 
approaches will illustrate several impor- 
tant features that contribute to the suc- 
cessful use of simulations in teaching 
the integrated function of complex sys- 
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tcms such as those encountered in all of 
tiie life sciences. 

The three papers focused on using 
large-scale simulaaon^ lO understand 
the dynamics and interactions character- 
izing physiological systems;* explicit 
teaching and problem solving for learn- 
ing integrative physiology;^ and empha- 
sizing ihe relevance of the basic sci- 
ences through a computer assisted 
patient simulation.*' 

THREE APPROACHES TO 
PHYSIOLOGICAL SIMULATIONS 
Li the first presentation, Dr. CJ. Dick- 
inson discussed a series of simulations 
originated at MacMaster ^^rii^ersity.* 
These models, most notably MacMan,^ 
dealing ,/ith the baroreceptor reflex con- 
trolling blood pressure, and MacPuf,^ a 
cardiopulmonary simulation, consist of 
fairly "naked" simulations. A simple 
interface allows users to vary parameter 
values and even alter the structure of the 
system. Outputs are displayed as data 
plotted on various axes and as tables of 
data. In MacPuf , an inspect option is 
available that allows examination of 
more than 100 parameter values in a 
tabular format 

In both of these programs, the user 
has complete freedom to design and per- 
form any protocol within the input/ 
output capabilities of the model. Ob- 
viously, even with only five control- 
lable inputs in MacMan, the number of 
possible experiments that can be per- 
formed is very large, and only a small 
subset of them will be of any teaching 
value in a particular setting. Therefore, 
the "Mac" series of simulations are 
most often used in conjunction with 
some kind of laboratory' manual that 
describes or suggests particular experi- 
ments to be attempted. 

These simulations have no education- 
al objectives built into them, and there 
is no didactic interaction between ihe 
user and the program about the signifi- 
cance of the physiology that is revealed. 
As in the more traditional wet lab situa- 
tion, laboratory instructors arc needed to 
guide students by asking and answering 
questions so that a positive learning 



environment is ensured. 

Dr. Kennf 'i Campbell also described 
models of the cardiovascular system.^ In 
these programs, the focus is on the me- 
chanical interaction between the heart as 
a pump and the circulation rather than 
on regiilation of the system.2.J4.i5 The 
user interface has been specifically de- 
signed for computer-naive students, and 
it makes use of icons to represent func- 
tions. The outputs of the model are dis- 
played pictorially and graphically, with 
particular attention given to presenting 
these displays in ways that convey 
meaningful information a'x)ut system 
function to learners. 

The model employed has bee*^ built 
in a modular fashion so that the fu^^ 
complexity of the intact system is ap- 
proached one step at a time. Thus, 
users arc more or less constrained to 
begin with the elementary pieces of the 
system and piXKced in a specified order 
until the complete system is being 
examined. 

The very construction of the model, 
then, follows from a careful analysis of 
how students can best learn the com- 
plexities of the system. In this sense, 
there is considerable teaching built into 
the system. However, the actual proto- 
cols followed by the user at each step 
arc not specified, and the user must 
make the necessary choices. 

As in the MacMaster series, there is 
no didactic interaction between user and 
program about the physiology being 
revealed Thus, a laboratory manual is 
also required to direct student use of this 
program. 

Dr. Ron Neame presented a simula- 
tion that differs from those just de- 
scribed in two fundamental ways.*' 
Most obvious is the fact that a patient 
with a medical problem rather than an 
experimental .''.etup is simulated. Not 
as obvious, but just as significant, is 
the fact that this model is constructed 
on a data base that contains the informa- 
tion describing the patient's state. The 
previous simulations are based on math- 
ematical equations describing the op- 
eration of the biological system of 
interest 



Thus, the goal for the user is to deter- 
mine the nature and underlying cause(s) 
of the patient's problem rather than to 
perform an experiment This "diagnos- 
tic" process is accomplished by some- 
what free exploration of the available 
data base. A menu-like series of lists is 
presented to the student, and after 
choices are made at several levels, the 
user is presented with the information 
being requested. The structure of the 
data base corresponds to the various 
ways medical information is acquired 
and structured by r /sicians, but the 
user is not constrained to follow any 
particular approach to solving the 
problem. 

At any time during the exploration of 
the problem, the user may choose to 
exit the program. The program then, in 
effect, debriefs and critiques the student 
about his or her approach to the prob- 
lem. At this stage, the program sux)ng- 
ly reinforces the goal of understanding 
basic mechanisms, rather than assign- 
ing labels to conditions, and provides 
specific directions for futtire learning. 

Thus, unlike the previous simula- 
tions, this program has specific didactic 
feedback built into it that is intended to 
ensure a worthwhile learning experience 
for the user. Like the other simula- 
tions, it, too, calls upon the student to 
integrate large bodies of information 
and use this information for solving 
problems. 

ISSUES IN DESIGNING A SIMULATION 
A comparison of the three models de- 
scribed here suggests that simulations 
can vary along several dimensions. 
These include the level of complexity 
of uie system being modeled, the nauire 
of the modeling process employed, and 
the degree to which learning objectives 
are explicitly built into the program. 

Decisions related to model develoj)- 
ment require certain questions to be 
asked about the intended educational 
uses of the simulation.»o.ii What les- 
son is to be taught with this exercise? 
What is the general background and/or 
educational level of the intended audi- 
ence? What do the students already 
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know about ihe system to be modeled 
and its functions? How sophisticated 
are the users about modeling and com- 
puters? In what educational setting will 
the simulation be used? 

The three programs described here 
clearly illustrate two different design 
philosophies reflecting different educa- 
tional objectives. The MacMaster simu- 
lations and the patient simulations of 
Neame represent large-scale models that 
require the student to deal with the full 
complexity of the system being studied. 
Campbell's program, on the other hand, 
specifically forces the student to build 
up to the full, complex system fiom a 
simpler beginning point, one step at a 
time. Neither approach right or wrong, 
but each is probably most appropriate 
for only some audiences or for use with 
somft educational objectives. Thus, the 
first questions that must be asked deal 
with educational issues, not modeling 
per se. 

A word of caution is in order. Mathe- 
matical models developed for use in re- 
search environments have certain require- 
ments for accuracy and comprehensive- 
ness (complexity) that do not necessar- 
ily apply to the models used in teach- 
ing.8 In an educational environment, 
the relevant cnterion is whether the 
models correctly simulate those phe- 
nomena that are to be taught to the 
student users. Do not be persuaded to 
build a complex model just for the sake 
of completeness, and do not hesitate to 
develop a model just because it would 
be impossible to include all aspects of 
the system. 

How the simulation is approached 
depends on several factors including the 
designer's skills as a modeler and the 
availability of useful models in the lit- 
erature. It also depends on how the sim- 
ulation is intended to be used. If the 
intent is to use the simulation with a 
set of predetermined protocols, as is ef- 
fectively the case with Neame's patient 
simulations, it may be adequate to use a 
data base from which the desired out- 
puts can be drawn. Certainly, in the 
absence of analytical (mathematical) de- 
scriptions of the system, this may rep- 



resent the only workable approach. On 
the other hand, if the protocol is to be 
defined by the user, as is the case in the 
MacMaster simulations, some kind of 
mathematical description of the system 
is needed to allow users freedom to de- 
fine the experimental conditions. Even 
here, however, a variety of approaches 
to generating models can be adopted » 
Frankly, whatever approach will pro- 
vide the outputs needed to realize the 
educational objectives of the exercise 
ought to be adopted. Again, the impor- 
tant issues are educational, not techni- 
cal, in nature. 

The issue of how much of one's edu- 
cational objectives ought to be built 
into the program is as much a matter of 
individual style as it is of educational 
substance. If one of the design goals 
takes advantage of one of the strengths 
of CBE - ad lib, repeated access to a 
learning experience by providing a stand- 
alone program that can be used by a stu- 
dent without any faculty intervention,^ 
it is essential that some teaching be a 
part of the experience. Otherwise, the 
user is likely to have very busy fngers 
but a veiy inactive head.' On the other 
hand, if the program is intended to be 
used in a faculty directed setting, little 
or no teaching needs to be built in," 
although it may still be profitable do 
so. But here too, the exact educational 
setting in which the progiams are to be 
used is important A program meant to 
be used as a lecture aid^ or in a discus- 
sion seuingi2 needs less didactic output 
than might a program to be used in a 
laboratory setting." After all, unless 
the student/faculty ratio in tl;e labora- 
tory is one, students will spend most of 
their time woricing on their own. 

The question of how much didactic 
interaction or commentary to include 
should also be influenced by the com- 
plexity of the model. A simulated ex- 
periment involving a complex biolog- 
ical system may require more didactic 
feedback than does a simpler model, 
even if it will be used in a faculty di- 
rected setting. The very complexity of 
a model with a multiplicity of inputs 
and outputs can make using the pro- 



gram difficult for the novice and certain- 
ly makes even elementary interpretation 
of system function difficult 

SUMMARY 

Three categories of educational ques- 
tions outlined below must be addressed 
by an author of a teaching simulation. 

1) Intended audience. What is the in- 
tended audience and what are it's 
characteristics? How experienced are 
the students with mathematical mod- 
els and/or computer simulations? 
What is their level of knowledge 
about the biological system to be 
studied? Is the program aimed at 
several different audiences? 

2) Intended objectives. What are the educa- 
tional objectives of the exercises? 
What is to be taught, or what are the 
students expected to learn? 

3) Intended setting. WiU the piX)gram be 
used in an individual or group set- 
ting? Will the program be used in 
multiple settings? 

Only after explicit answers to these 
questions are available does an author 
need to consider what aspects or compo- 
nents of the biological system ought to 
be modeled, whether to utilize a mathe- 
matical model or a data base approach 
to the simulation, and how much or 
little explicit teaching to build into the 
progiam. 
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Michael A J. Collins 

Department of Biology, Memorial University of Newfoundland, St. Johns, Newfoundland, Canada 



I first became interested in the use of 
computers in leaching while attending 
the American Biology Teachers* Annual 
Convention in 198 1 where I listened to 
several talks on computer-based educa- 
tion (CBE). One of these talks, given 
by Ted Crovello, especially helped to 
convince me of the usefulness of the 
computer as a teaching tool, and I re- 
turned home from the convention with 
the intention of using computers in my 
teaching. 

On my return, I convinced my depart- 
ment head of the usefulness of comput- 
ers as teaching tools and, with his per- 
mission, ordered a number of biological 
software packages. Since the depart- 
ment did not own an Apple n+ micro- 
computer, the machine on which most 
commercial biology software ran at that 
time, I had to make arrangements to 
borrow a machine and come face-to-face 
with my first microcomputer. After 
having had to get a friendly computer 
user to show me where the power 
switch was located and how to insert a 
disk properly into a disk drive, I was off 
on my microcomputing way! Very 
quickly, the major Carrier to using com- 



puters in leaching became evident The 
commercial software was either dreadful 
or not on a level appropriate for the stu- 
dents I was teaching. As a result, I re- 
luctantly abandoned the idea of using 
commercial software in my teaching. 

I still had not entirely given up the 
idea of using computers, but what was 
the next step? i had absolutely no 
knowledge of computing languages and 
didrft have the time to leam any. Per- 
haps, however, I could leam enough 
about BASIC to program some simple 
multiple-choice tests. I tried but quick- 
ly realized that there was more to pro- 
gramming than just composing test 
questions. For example, how did one 
store tests on a disk or store and retrieve 
student marks? It was at th?s point that 
fate luckily dealt a helping hand, for on 
scanning a new copy of a scientific sup- 
ply house catalog, my eyes espied a 
commercial test production package that 
seemed to contain just about all the fea- 
tures I would ever need! 

THE nRST EXPERIMENT 
The next step was to get C^e test pack- 
age* but more importantly, something 



to run it on, since I could hardly expect 
to keep borrowing a computer from an- 
other department I, therefore, submit- 
ted a proposal to the Office of Junior 
Studies, vhich administered first year 
courses, to run an experimental section 
of one biology course in the fall semes- 
ter. This experimental section would 
take weekly computer tests before tak- 
ing die wriuen tests common to all 
classes. The experiment would be pro- 
claimed successful if this class achieved 
higher mean test scores than ihe other 
classes. My proposal was accepted, and 
I was given a grant of $5500, sufficient 
to purchase an Apple II+, two disk 
drives, a monocluome monitor, and a 
printer. The seeds for the beginning of 
our present Biology Microcomputer 
Resource Center were sown, even if I 
didn't realize it at the time! 

When the equipment arrived, the next 
problem surfaced! I realised that I 
would have to become an expert at as- 
sembling computer equipment that was 
often supplied with less than ideal in- 
structions. Finally, in late August, 
equipment and software were ready and 
working and waiting to be used, all as- 
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sembled on a table in my office, ^;^ich, 
for the time being, was to be the site of 
the experiment 

This first experiment was tried with 
one of six classes, the others being used 
as controls. Fortunately, the experi- 
ment was very successful, and a report 
on the project, together with analyzed 
data and conclusions, was forwarded to 
the Office of Junior Studies. A request 
for funding for a second computer and 
an office-size room to house the com- 
puters was also submitted. 

It was at this time (December, 1982), 
that I decided to produce some of my 
own computer-assisted learning mater- 
ials, but I was at a loss as to which 
computer language to use. A colleague 
suggested that I look at Pascal and 
PILOT. A visit to the local Apple 
dealer showed that PILOT was cheaper 
and had less documentation to go with 
it, so, as luck would have it, I bought 
ApplePBLOT. A quick reading of the 
documentation convinced me that PI- 
LOT was just what I was looking for, 
and I spent mast of the Christmas vaca- 
tion reading the approximately 400 
pages of accompanying documentation. 

During the winter of 1983, several of 
these PILOT units were ready to be 
used Consequently, the students in 
one of my classes not only had weekly 
tests but also had the opportunity of 
using these learning units instead of 
attending lectures. An analysis of 
student performance on the weekly tests 
clearly demonstrated that students who 
used the learning units did as well or 
better on relevant tests than students 
not using the units. These results were 
then used in support of a request for a 
third computer. 

THE SEEDS GROW 
Up until this point in lime, I had been 
basically all on my own, doing the pro- 
gramming, maintaining the machines, 
changing disks for students, and admin- 
istering tests. However, at the begin- 
ning of the fall semester, 1983, the sit- 
uation changed drastically. A second 
faculty member decided to use the week- 
ly tests and to cooperate in an experi- 



ment involving two classes. In addi- 
tion, a technician within the department 
was given the added responsibility of 
maintaining machines, processing or- 
ders, and completing similar tasks. Fur- 
ther, I was allowed to hire a person spe- 
cifically to manage the room containing 
the computers. This semester was also 
a landmark in that I presented a paper 
on my computer-related work at an 
international conference. 

With more students using our 3 ma- 
chines, and more and more faculty ex- 
pressing an interest in computers, and 
with several conferenc^seminar presen- 
tations to my credit, I was encouraged 
to ai^ly ffx a majcH* grant to obtain 
enough equipment to run a completely 
equipped resource center containing 
microcomputers and audiovisual aids. 
The main argument of the application 
was that such a help center would en* 
able mcH'e of our academically weak^ 
students to enter the regular courses 
without having to first take a remedial 
course. This would reduce the number 
of instructors required foe teaching the 
course. The money saved in hiring in- 
stmctors f(x this course would be more 
than enough to pay fw the center. The 
applicati(Hi was sent to the Academic 
Vice-President, and the grant was ap- 
proved with an accompanying request 
that funds be made available to convert 
a little-used set of rooms within the de- 
partment into a microcomputer resource 
center. 

The next six months was a time of 
hectic activity with the technician and 
myself searching through catalogs, tele- 
phoning suppliers, obtaining quotes, 
placing orders, and checking incoming 
purchases, all in addition to our regular 
woik. During the summer, I drew up 
plans for a permanent home for the CGm- 
puters, and after many discussions with 
University design staff and after numer- 
ous revisions to the plans, the space for 
the center was renovated 

I then had to search for furniture for 
the center. Being limited to used fur- 
niture stored on campus, I chose indi- 
vidual student study carrels previously 
used in the library to serve as computer 



work stations. 

By the end of August, the center was 
completed and ready for use. In the 
meantime, I requested a full-time man- 
ager for the center, and this request was 
also granted. 

THE BIOLOGY MICROCOMPUTER 
RESOURCE CENTER 
The Biology Microcomputer Resource 
Center opened its doors to students in 
September, 1984, and in that first se- 
mester, it served up to 200 students 
each week. Most of these students used 
the weekly tests in the center, and a 
smaller proportion used the specially 
developed learning units. Very liule 
use was made of the snuill amount of 
commercial software we had bought, 
and there was only minimal use of the 
audiovisual resources, mosdy slide-tape 
programs, that we had bought for the 
center. 

Since that time, the center has gone 
from strength to strength. Last semes- 
ter, we had almost 700 registered users 
of the center, and we employed two stu- 
dents to help the nmi^get on a part- 
time basis. 

We have publicized the Resource Cen- 
ter through articles in internal campus 
publications and even on a local radio 
program to give it a higher profile with- 
in the University. The center has been 
visited by instiucuxs from a number of 
oth^ University departments and also 
by instructors from oth^ local post- 
secondaiy educational establishments. 
We have also received a number of re- 
quests to give talks, demonstrations and 
the like from local computer clubs, edu- 
cational organizations, and school 
boards, all of whom we try to accommo- 
date. Our guiding principle is that the 
more visible the center is, the more 
likely it is to attract funds, and the less 
likely it is to succomb to budget cuts! 

LESSONS LEARNED 
What lessons have we learned from the 
evolution of this center that might be 
of help to others who are about to start 
on the same lengthy path? Conditions 
vary greatly finom institution to institu- 
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lion, but it is likely that many, if not 
all, of the points presented below will 
apply equally to all institutions. 

• The most impoitant prerequisite to 
getting CBE off the ground is a sup- 
portive administralion, preferably 
financially supportive! Good wishes 
don t buy computers. You may be 
able to financially bypass administra- 
tions if you have access to private 
funding from alumni associations, 
government agencies, or computer 
firms, but usually, such agencies 
only provide equipment, not funding 
for the hiring of personnel. 

• Be prepared to start up CBE on your 
own and to continue for some time 
before others join in. This means 
that you will probably have to be 
your own expert programmer, instruc- 
tional designer, keyboard typist, 
technician, etc. 

• Don't browbeat others to join you. 
Publicize your work and results, and 
evenuially, others will decide to 
adopt CBE as well. 

• Bear in mind that personnel costs 
(programmers, managers, demonstra- 
tors) will, in all probability, be high- 
er than the initial hardware and soft- 
ware costs. 

• Obtain subscriptions to relevant peri- 
odicals (computer, educational com- 
puting, and subject) fo get valuable 
advice. I have found the American 
Biology Teacher, even though a sub- 
ject journal, to be valuable with fre- 
quent articles on computing, useful 
advertisements, and reviews in addi- 
tion to a monthly computing col- 
umn. I have also found the Journal 
of Computers in Mathematics and 
Science Teaching to be very useful. 
A subscription to a popular magazine 
dealing with your type of microcom- 
puter is usefid for hints and for keep- 



ing abreast of developments involv- 
ing your computer, new software, 
and peripherals. 

• Always keep copies of your software. 
Single copy software appears to be 
far more mobile than multiple cop- 
ies. Preferably, have backup equip- 
ment if possible. Even the more 
reliable machines can go out of ser- 
vice when you most need them! 

• Using commercial software to devel- 
op tests is the easiest way to get 

your feet wet and can produce achieve- 
ment gains as impressive as many 
learning programs. Testing seems to 
be an ugly word in CBE, and many 
people perhaps wouldn't even include 
it in CBE, but I am a great advocate 
of computer testing. 

• Don I listen too attentively to those 
'experts* who offer advice and dire 
warnings! I was given all sorts of 
advice from 'experts' when I started 
tliat I fcKtunaiely stored in short term 
memory. Otherwise, I would never 
have started A number had grandi- 
ose ideas of their own that made my 
own plans look embarrassingly min- 
uscule! They still have ideas, as yet 
uniinplemenled, while I am well un- 
derway. F erhaps we should listen to 
such advice with deaf ears! I am 
more inclined to listen to somebody 
who has demonstrated success rather 
than to somebody with high but un- 
fulfilled expectations! 

• Don't start CBE with the idea of mak- 
ing money. The chances of commer- 
cial success are extremely limited. 
Have as your objective better quality 
teaching and learning for your 
students. 

• Where possible, contract out your 
prx)gramming (for example, to stu- 
dents who are good at it) and typing 
in of programs. These exercres are 



time consuming, and you would be 
better advised to spend your time in 
planning and development 

• Don't expect rewards such as advance- 
ment or promotion from CBE activi- 
ties. At the university level, the 
development of CBE is not usually 
considered a substitute for research. 

In fact, this is probably one of the 
biggest barriers to CBE in 
universities. 

• PD.OT is probably one of the best all 
around authoring languages for com- 
puter assisted learning, but I still 
prefer BASIC for producing test 
packages. 

• It is often easier to sell 'cost effective- 
ness of CBE' to adminstmtors rather 
than 'enrichment' when looking for 
funding! 

• Where possible, try out projects as 
controlled experiments. This makes 
it easier to demonstrate their success. 
Publish your results internally so 
that others see how successful the 
projects were. Your opinions are 
subjective, data are objective. 

• Collect all your data, and publish the 
results for other teachers to see 
through journal articles and confer- 
ence presentations. Such publica- 
tions can then be regarded as legiti- 
mate published research. Publica- 
tions also help to enhance your 
reputation as a CBE user. 

• Don't forget *o collect student opin- 
ions! It is the student population for 
whom you are designing CBE mate- 
rials! Their feedback can help to 
improve your programs, and you can 
use good feedback as a lever to per- 
suade administrations to continue the 
funding of CBE. 

• When you arc firmly established in 
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CBE, promote CBE yourself through 
local media, talks to groupr, and 
opening your facilities to the public. 
The more prominent you are, the 
easier it is to ask for things! 



As you become more successful in 
CBE, expect to spend more time 
talking to prospective CBE users and 
others interested in CBE and com- 
puters who seek your advice. 



• Finally, always remember that any 
task you undertake will always be 
more difficult and time consuming 
than you think! Starting up CBE on 
your own sounds easier than it is. 



THE BULLETIN BOARD 



Tht illetin Board is published period- 
ic x> inform readers of upcoming 
meCi qs of interest If you know of 
meetii.js, symposia, continuing educa- 
tion courses, etc, of interest to life 
science educators that do not appear in 
Ttie Bulletin Board, please let us know. 
Send pertinent information to: 
Dr. Harold ModeU, NRCLSE, RC-70, 
University of Washington, Seattle, WA 
98195, or let us know via BITneL 
NRCLSE's BITnet address is: 
MODELL^UWALOCKE 



November 10-13, 1986. Association for 
the Development of Computer-based 
Instructional Systems (ADCIS) 28th 
International Conference. Washington, 
D.C. 

Contact: 

ADCIS. 409 Miller Hail 
Western Washington University 
Bellingham. WA 98225 
(206)676-2860 

November 2M2, 1986. Computers and 
Nursing Education. A continuing 
education course sponsored by the 
Kirkhof School of Nursing, Grand 



Valley State College, Grand Rapids, 
MI. 

Contact: 
Colleen Curtin 

Kent Health & Nursing Education Inc. 
1459 Michigan N.E. 
Grand Rapids. MI 49503 
{616)451-2217 

Februaiy 11-13, 1987. The Second 
Annual Conference on Interactive 
Video in Nursing and Allied Health. 
Galveston, iX. 

Contact: 

Gary D. Hales. PhD. 

School of Allied Health Sciences 

8th and Market Streets 

The University of Texas Medical 

Branch at Galveston 
Galveston. TX 77550 
(409) 761-3040 

February 18-20, 1987. Second Annual 
Conference on Learning Technology in 
the Health Care Sciences. Orlando, FL. 

Contact: 



Society for Applied Learning 

Technology 
50 Culpeper St. 
Warrenton.VA 22186 
(703)347-0055 

February 26-28, 1987. Health Sciences 
Communications Association (HeSCA) 
conference, "Teleleaming in the Health 
Sciences" in conjunction with 
COMMTEX *87. AUanta, GA. 

Contact: 

HeSCA 

6105 Lindell Blvd. 
St. Louis. MO 63112 
(314) 7254722 

May 13-16, 1987. Computer 
Applications in Medicine and Health 
Care. AAMSI Congress 1987. San 
Francisco, CA. 

Contact: 

Ben T. Williams. MD 
Director of Laboratories 
Mercy Hospital 
1400 West Turk Avenue 
UrbanaJL 61801 
(217)337-2175 
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CLSE COLLEAGUE DIRECTORY 
- PART I 



The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultivate 
collaborative efforts among life science 
faculty interested in using the computer 
as a teaching tool. One of the first 
steps toward achieving this goal was 
publication of a questionnaire in the 
January, 1986 issue of CLSE. This 
issue was distributed by mail to nearly 
2700 academic departments making up 
the life science community in the U.S. 
and Canada, and it was also made avail- 
able at several national meetings of 
groups within the life science com- 
munity. 

NRCLSE received over 350 completed 
questionnaires. Approximately 160 
respondents indicated that they have 
been using computers in their teaching 



efforts for over 3 years. Approximately 
1 30 have had between 1 and 3 yciirs 
experience. The directory that follows 
was drawn from respondents to the 
questionnaire and is intended to help 
CLSE readers identify colleagues with 
common interest areas. It is arranged 
by the content areas identified in re- 
sponse to the question, "What content 
areas do you teach?" As a result, en- 
tries may appear under more than one 
heading. AJthough every attempt has 
been made to ensure that the informa- 
tion is current and correct, it is likely 
that some errors appear in this list. 
NRCLSE apologizes in advance for any 
inconveniences that may arise due to 
such oversights. Part II of the director)' 
will appear in the January, 1987 issue 
of CLSE, 



REMINDER TIME TO RENEW 

SUBSCRIPTION INFORMATION 
MAY BE FOUND ON PAGE 88 
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AGRONOMY 

ARM-SON. Pim. A 

DUrr OF PIJVNT PATOOLOGY 

CORNHIXUNIV 

miACA. NY 14853 

(607)255-7871 

DAVIS. TIIOMASM 
DliPrs OF PlJiKT SaCNCI: 

AND Gi-:Nirncs 

UNIV OF N1-W IIAMPSniR!-: 
DURHAM, m 03824-3597 
(603) 862-3217 

nSn-S. DR GEORGF O 
DKPr OF PTJVNT SaiiNCH 
UMV OF NT-W HAMPSHIRI- 
DURHAM. Nil 03824 
(603) 862-3220 

in:LSEL.ZANTi R 
DCrr OF AGRONOMY 
UNIV OF MISSOURI 
COLUMBIA. MO 6521 1 
(314) 882-2001 

ANATOMY 

DASIIOR. DAVID P 
DnPrOFDIOlXXJY 
UNIV N CAROLINA AT 

CIIARLCflTB 
aiARlJOlTK. NC 28223 
(7W) 597^047 

nAUR, JOHN M 
DFPr OF niOIXK5Y 
HRESCIA COLLEGE 
120 WF^T SEVENTH ST 
OWENSBORO. KY 42301 
(502)685-3131 EXT 276 

BELLMER. SISTER EI JZA- 

BbTH H 
TRINTTY COLLEGI-: 
WASHINGTON. DC 20017 
(202)939-5190 

BLRGQUIST.BART 
DKPr OF BIOIjQGY 
UMV NORTI IE RN IOWA 
CEDAR FAIXS. lA 50614 
(319) 273-2723 

BUSimY.pimJPA 

couJ-GE OF vi:r med 

DRAWI-R V 

MISS STATE UNIV. MS 39762 
(600 325-1127 

DICKINSON. WIMIT^ED 
DEPT OF BIOIjOGY 
UNIV 01' STEUBENVILIi- 
STIiUBI-NVILI-E. OH 43952 
(614) 283-3771 

DUGGAN. FJJ- ANOR U 
HIOIjOGY DI-PF 
UNIV N CAROLINA AT 

GREENSBORO 
GRKENSBORO. NC 27412-5001 
(919) 379-583<> 

EIJ)nR. DRBFHTY 
DHPr OF BIOLOGY 
GKORGIA SOUTHWI:STI:RN 

COLI^GE 
AMERICUS.GA 31709 
(912)928-1250 



IT-RNER.JOHNW 
DlilT or BI0IXX3Y 
THOMAS MORE COLliiGE 
CRESTVIEW iniXS. KY 41017 
(606) 344-3374 

RNXEI^TEIN.MiaiAEL 
DEFT OF ORAL PATHOLOGY 
COLLEGE OF DENTISTRY 
UNIV OF IOWA 
IOWA CITY. lA 52242 
(319) 353-7370 

ITU-ED. DR JAMES M 
DEPT OF ZOOLOGY 
OinO WESLEYAN UNTV 
DELAWARE. OH 43015 
(614) 369-4431 EXT 400 

GOOCH. VAN D 
DEPT OF Sa& MATH 
UNIV OFMINNT-SOTA 
MORRIS. MN 56267 
(612) 589-2211 

GWINT^J. DR JOHN F 
DEPT OFBIOIXKjY 
UTsW OF AKRON 
AKRON. OH 44325 
(216) 375-7160 

GWYN. DR D G 
DEPT OF ANATOMY 
DAUIOUSIEUNTV 
HAIJFAX. NOVA SCOTIA 

B3H4H7 CAN'ADA 
(902)424-2051 

HERRON. MARY A 

BIOMED LEARNING RFiS CTR 

COLIJ-GEOFVETMED 

TEXAS A&M UNTV 

COLLEGE STATION. TX 77843 

(409)845-1780 

iniJJARD. STEHIEN 

DEPT OF BIOLOGY 

BALDWIN WAUJVCE COLIJ-GE 

BERJ-A. OH 44017 

(216)826-2265 

HOUSE. EDWIN W 
DEPr OFBIOIX)GY 
IDAHO STATE UNTV 
IK) BOX 8007 
POCATEU-0, ID 83209 
(208) 236-3765 

HOUSE. DR HERBERT W 
EIjON COIXEGE 
BOX 2270 

EIX)N COLLEGE. NC 27244-2010 
(919) 584-5359 

JONTiS. MICHAEI,E 
DEPTS OFANAT&insT 
FLINDERS UNTV OF SOUTH 

AUSTRAUA 
SaiOOL OFMEDIQNE 
BEDFORD PARK, 5042 

AUSTRAUA 

KEETE. J RiaiARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE 
UNIV 

CLEVELANT). OH 44106 
(216) 368-2656 



MITERS. PAUI. E 
DEFF OF BIOL CIIEMA 

STRUCT 
THE CinCAGO MET) SCHOOL 
3333 GREI-N BAY RD 
NORTH CinCAGO. IL 60064 
(312) 578-3000 EXT 458 

MICKUS. JOHN 

DEPT OF BIOLOGY 

IliJNOIS BEN'EDICnN'E COLL 

5700 COLLEGE ROAD 

USLE.IL 60532-0900 

(312) 96ai50OEXT509 

RALSTON. H J 
DEPT OF ANATOMY S-1334 
UNTV CALIF. SAN FRANCISCO 
3RD & PARNASSUS AVES 
SAN FRANCISCO. CA 94143 
(415) 476-1861 

ROBBINS. DR HERBERT C 
DAIXAS BAPTIST UNTV 
7777WF^TKIESTBLVD 
DALLAS. TX 75211-9800 
(214) 333-5302 

SEWAMON. WALT 
CENTRAL WESLEYAN 

COLIi:GE. BOX 443 
CENTRAL, SC 29630 
(803) 639-2453 EXT 356 

SMALL. JAMES W 
DEPT OF BIOLOGY 
ROIiJNS COLLEGE 
BOX 2643 

».'NTER PARK. FL 32789 
(305) 646-2433 

SPRAGUE. RUTH M 
DEPTS OF ANATOMY & 

NT^UROBIOLOGY 
UNTV OF VERMONT COU JiGE 

OF MliDICINT: 
BUTU.INGTON. VT 05405 
(802) 656-0416 

WIUIELM, DAIJJVS 
DEPT OF BIOIjOGY 
HASTINGS COLLEGE 
HASTINGS. NT; 68901 
(402)463-2402 EXT 264 

^^^u.IAMs, Stanley c 

DEPT OF BIOL SCII-NCES 

SAN fra:;cisco state utstv 

1600 HOLIX)WAY AVE 

san francisco. ca 94132 

wilson. dr marlent- 
l-ntvofportunt) 

5000 N Wn^LAMETTE BLVD 
PORTTJVNT). OR 97203 
(503)283-7123 

ZEITTER. SHIRLEY 
DAVENTORT COaEGE 
415 EAST FTJLTON 
GRANT) RAPIDS. MI 49503 
(616)451-3511 

ANIMAL BEHAVIOR 

AMLANT-R. QIARLESJJR 
DEPT OF ZOOLOGY 
UNTV OF ARKANSAS 
FAYETTEVn.LE. AR 72701 



ASirrON. GEOFFRI-YC 
DHIT OFGENiniCS 
LTSTVOFILXWAH 
1960 EAST-WEST ROAD 
IION"OLULU. HI 96822 
(808) 948-8552 

ROGI-R GAMBS. 
DEPT OF BIOL SQENCE 
CAL POLYTT-ai STATI- UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2551 

IIECKENT^IVELY. DONAIX) B 
DEPT OF BIOLOGY 
IIIU.SDALE COUJ-GE 
HILLSDALE. MI 49242 
(517)437-7341 

KESLER. DAVID H 
DDT OF BIOLOGY 
RHODES COIXI-GE 
2000 NORTH PARKWAY 
MEMPinS.TN 38112 
(901) 726-3557 

LA BAR. MARTIN 
CENTRAL WF^SLETAN 

COIJ.EGE 
CENFRAL, SC 29630 
(803)639-2453 

ODE. PHILIP 
DEPT OF BIOLOGY 
TTHEL COIJJ-GE 
GREENVILE. PA 16125 
(412)588-7700 

STOUT, JOHN 

DEPT OF BIOLOGY 

ANT)REWSUNTV 

BERRIEN SPRINGS. MI 49104 

(616)471-3243 

ANIMAL SCIENCE 

KENTS'EIXY.DR JOHNJ 
DEPT OF ANTMAL SCIENa- 
UNTV OF ALBERTA 
EDMONTON. ALBI-RTA 
CANADA T6G 2P5 
(403)432-2133 

BIOCHEMISTRY 

BATES. WIIJJAM K 
DFJTOF BIOLOGY 
UNIV NORTH CAROUNA 
GREENSBORO. NC 27412 
(919) 379-5391 

BLANaiAET^. MARCEL 
DEPT OF BIOCHEMISTRY 
FACUT.TY OF MEDICINE 
UNTV OF MANTTOBA 
WIN^TI EG. MANTTOBA 
CANADA R3E 0W3 
(204) 788-6570 

C(X)K. DAVID E 

DIV SCI & MATHEMATICS 

DAKOTA STATE COIJ JiGE 

MADISON. SD 57042-1799 

(605)252-5194 

CRELTZ. aiARIJIS 
DEPT OF BIOLOGY 
UNTV TOLEDO 
TOI J-DO. on 43606 
(419)537^159 
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DICKINSON, WIN'M-RLI) 

oi'.n oi- hioIaOciy 

1;NIV0I'S'M:1;»I:N-V!!!J': 
SM:Lm:NVI!JJ:. OII43952 
(6:4) 283.3771 

n:RM R. jonxw 

DI'I'I 01- BIOlJOCiY 
THOMAS MORHCOLUXU-: 
CR I ! VIi:w I II IJ , K Y 4 1 0 1 7 
(606) 344-3374 

lORRnSTl-RJOI- 

!)i:rror niornHMismY 

UNIV Oi' MISSOL'RI 
MI2I ML!) SCI BMX} 
COLLTVIHIA, MO 65212 
(314) 882 8795 

noi;si:.DR hlrih-:ri w 

UX)S COLI.LGH 
BOX 2270 

IILONCOLIJiGH. NC 27244.2010 
(919) 584-5359 

JOHNSON. WAMl-R 
NW CX)!J.I-G!:OI' 
ClHROrRACnC 
2501 W84n!Sr 
BLOOMINGTON, MN 55431 
(612) 888-4777 1X1*290 

KIRBY.DR i:i>WARD 
Di: Pr OF BIOCIII-MISTRY 
TI-MPIJ- UNIV IIL'I II SCI CI R 
3420 N BROAD ST 
PniLAI)i:il'lllA. PA 19140 
(215) 221-4180 

KRIJSI-.ANNAC 
CABRIN1 COLIJ-GI- 
R.\!)NOR. PA 19087 
(215) 687-2100 

NORRIS.niOMAS II 
ShMOR ASSOC DI-AN 

MORijiousi- sen or mi:d 

720 WLSTVIHW DR SW 
A'lIJVNTA. GA 30310-1495 



Pim-RSON. JblAAS A 
Di:Proi'BIOCIIIjMISTRY 
UNIV IHXAS Ill-ALTII SCI CI R 
5323 HARRY UlSVS BI.VD 
DAIXAS. 17C 75235-9038 
(214; 688-2361 

RAwrrai. alij:nb 

Di:Pr 01- BIOCIIl-MISTRY 
UNIV KANSAS MHD Cm 
RAINBOW BLVD AT 39 1 H 
KANSAS CriT. KS 66103 
(913) 588-6957 

SOU.. DIim-R 

DliPr OF MOI J-CUIJVR 

BIOPHYS AND BIOCHI-.M 
YAUeUNIV 
260WIIITO:Y Av^l- 

nt:w iiAvi-N.cr 06511 

(203) 436-361 1 

spi:kci-:r.tri-vor 

Dl'Pr OFBIOCIII'MISI-RY 

Qui-:nN*s UTs'lVKRsriT 

KINGSTON ONTARIO 

CANADA K7L 3N6 
(613) 545-2997 



STRAHON.LI'WISP 
IWr OF BIOIjOGY 
I^'RNIAN UNIV 
GR!':iiXVlU,l:,SC 29613 
(803) 294-3249 

SUI:L1T:R. CLARnNCI'll 
1)1 Pr OF IHOCIII'MI.S'mY 
MICHIGAN STA'IF: UNIV 
I-ASTIANSING. Ml 48824 

(517) 355-1708 

1IiSKI:Y, SISTTR NANCY 
IIOLYNAMI-SCOLUGI: 
3500 MOUTsTAINBLVD 
OAKLAND. CA946I9 
(415) 436-0111 

TRLBLF. IX)NAIX)|| 
DLPr OFBIOClinMISmY 
AIJJANY MFDICAL COI JJXil- 
AUJANT.NT 12208 

(518) 445-5364 

WAGNm MARTIN J 
DF:PT OF BIOan-MISTRY 
BAYIX)R COLIJiGI- OF 

DI-NTISTRY 
3302 GASTON AVE 
DAIJ JVS. TX 75246 
(214) 828-8261 

WlNTnR.CllARIJ-SG 
DLPT OF BIOCHHMISTRY 
UNIV OF ARKANSAS COLIJ'.GI- 

OF MKDICINn 
4301 W MARKIIAM ST 
ITITIJ- ROCK. AR 72205-7199 

(501) 661-5190 

BIOLOGY 

BASIIOR. DAVID P 
Di:iT OFBIOIjOGY 
UMV N CAROLINA AT 

ciiARijornE 

CIIARIjOITI-. NC 28223 
(7;M) 597-4047 

BAUR. JOIINM 

i)i:pt of bioijogy 
brhsqa colij^gi- 

120wr-ST SKVI-NTIIST 
OWI-NSBORO. KY 42301 

(502) 685-3131 rOCr276 

bhrg, virginia 
di:pt ofbioixkjY 
univ ofnortiii-rn iowa 
ci-dar fali^.ia 50614 

(319) 273-2770 

BOWKI-R. IJ-SIJI- S 
DliPr OFBIOLSCmNCl: 
CAL TOLYTIiCll STATI: L^TV 
SAN LUIS OBISPO, CA 93407 
(805)54 6-2788 

BROADWAY. RUBY L 
PI-PT 01" NATURAL Sai-NCI- 
DILIJVRD UNIVERSITY 
Nl-W ORIJ?ANS. IJV 70122 
(504) 2« 3-8822 l-XT 246 

CARICO. JAMnS I- 

onproFBioixXjY 

LYNCHBURG COIJJ-Gli 
LYNCHBURG. VA 24501 
(804) 522-8366 



Clll-W. FS 

Om 01 BIOLOGY 

1UTTSUMV 

MLDFORI). MA 02155 

(617) 381-3189 l'XT3195 

CIIIFN. PAU.K 
Di:iT OF BIOLOGY 

UNIV OF SAN it;ancisco 

SAN l-RANCISCO. CA 94117 
(415) 666-6345 

COCKFRHAM.BILL 
FRFSNO PACinC COLI J-GF 
1717SCIII-STNVr 
F'RI:SNO. CA 93702 
(209)453-2045 

COIJJNS.DR MICIIALLAJ 
mm' 01- BIOLOGY 
MHMORIALUNTVOF 
Nl-WroUNDLAND 
ST JOIIN"S. M:WroUNDlJ\ND 
CANADA AlB 3X9 
(709) 737-8031 

DILI^IIAY.DR JANT- 
DHFT OF BIOLOGY 
GAIXAUDbT COIXiXjIi 
800FI-ORIDA AVI- NI- 

WASinNcrroN. dc 20002 

(202) 651-5531 

DOVE. LEWIS 

DEPT OF BIOL SQENCES 

wi-:sTi'.Ri>i n.iJNois umv 

MACOMB. IL 61455 
(30?) 298-1166 

DUGGAN. ELFJVNOR L 

BIOLOGY DliPr 

UNIV OF N CAROLINA AT 

GREI-NSBORO 
ROOM 309. EBERHART BIJDG 
GRHENSBORO. NC 27412-5001 
(919) 379-5839 

EH-EUS. LAWRENCE! 
DI:FT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
a'DARFAI-LS.IA 50614 
(319) 273-2218 

FAN-NTNG. MARSHA E 
DFPT OF BIOLOGY 
LI-NOIR-RHYNE COLLEGE 
HICKORY. NC 28603 
(704) 328-7270 

FERNIiR.JOIlN W 
DHPr OF BIOLOGY 
THOMAS MORE COIJ.EGE 
C .-STVn-WHILI.S.KY 41017 
(606) 344-3374 

FONTANT-. DRAR 
DLPr OF BIOLOGY 
UNIV OFVICrORIA 
PO BOX 1700 
VICrORIA. BC V8W 2Y2 
CANADA 
(6(VJ) 721-7131 

F^RFY. DENNIS 

DFPr or BIOL SCIENQ-: 

CAL POLYn':cii statf: univ 

SAN LUIS OBISPO. CA 934(r7 
(805) 546.2«02 



(}IBS0N. IJNDA 
DLPr OF BIOLOGY 

i-astern WASH univ 

CHI-NEY. WA 99004 
(509) 359-2«45 

GORMAN. MARK 
BAIDWIN-WAIJJVCF COLLLGL 
BFRI^A. Oil 44017 
(216) 826-2217 

IL\MAN. AC 
DLPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALIi). lA 50614 
(319) 273-2726 

HECKEM.IVin,Y. DONALD B 
DEH' OF BIOLOGY 
HILLSDALE COIXEGE 
lin.LSDALE. Ml 49242 
(517) 437-7341 

HEDNIAN. STEPHEN C 
DEPT OF BIOLOGY 
UNIV OF MINN AT DUIXTll 
2400 OAKLAND AVF 
DULUTH.MN 55812 
(218) 726-8122 

HEIMBROOK, MARGAREI'E 
DI'.PT OF BIOL SaPACI-S 
UMV OF NORTHERN 

COLORADO 
GREEI^Y. CO 80639 
(303) 351-2644 

HODGSON. DR LYN^J M 
NORTHERN STATI- COLLLGK 
BOX 673 

ABI-RDEEN. SD 57401 
(605) 222-2432 

HOUSE. EDWIN W 
DEPT OF BIOLOGY 
IDAHO STATI-: UNIV 
PO BOX 8007 
POCATELLO. ID 83209 
(208) 236-3765 

HOUSE. DR HERBERT W 
EIX)N COaEGE 
BOX 2270 

ELON COU.EGE, NC 27244-2010 
(919) 584-5359 

HUMORA. PAUL 
DEPr OF BIOLOGY 
NORTH ADAMS ST COLLEGI; 
NORTH ADAMS, M/\ 01267 
(413)664-4511 EXT 343 

JANTCAY.PFTI-R 
DEPr 01' BIOL SGENCE 
CAL POLYlTiDl STA'H- UNIV 
SAN LUIS OBISIX), CA 93407 
(805) 546-2«60 

JOHNSON. J RONALD 
DFPr OF BIOLOGY 

midijvndcouj-gf: 

l-'RI'MONT. NE 68025 

KIuSSIi:R.SIS'n:RlRM/\ 

Dl-Pr OF BIOLOGY 

COIJ .EGE OF ST LLIZABEI H 

CONAa-NT S FAIION. NJ 07961 

(201)539-1600 
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Kij-iNSMmi. a-wisj 

DOT' OI BIOIX)GY 
UN'JVOrMJCJnCiAN 
ANN ARBOR. MI 48109 1048 
(313) 763 3290 

KRUSli. ANNA C 
CABRIN1 COLUiGl- 
RADNOR. PA 19087 
(215) 687-2100 

LHISMAN.DRGILBHRT A 
DKFrOFBIOmGY 
I:MIX)RIA SIAlli UNIV 
I:MIX)RI \. KS 66801 
v?'6^S43-12001Xr 5617 

McCALIJiY. DAVID V 
I)I.Fr OFBIOIXX}Y 
UNIV NORTHERN IOWA 
CliDAR FAU.S. lA 50614 
(3)9) 273-2581 

MVAM, FRANTC M 

DhlT 01- BIOIXX}Y 

JI-RSIiY cm STATI- COIJJXH: 

J[:R.SI:Y CHT, NJ 07305-1597 

(201) 547-3054 

ODH. pmup 
DI.FrOFBlOlX)GY 
TIlIliLCOLlXiGn 
GRHI-NVILH. PA 16125 
(412) 588-7700 

ORR. ALAN 
DHPT 01- BIOIXK}Y 
UNIV NORTin:RN IOWA 
CHDAR FAI J.S. lA 50614 
(319) 273-2150 

OW!:N. LAWTON 
KANSAS WF:SU:YAN 
lOOi: CLAI UN 
SAUNA. KS 67401 
(913) 827-5r'^l 

PIPFRUnRG. JOia B 
DliPT OF BIOLOGY 
SIMMONS COLLFGF 
300 nil- n-N^AY 
BOSTON. MA 02115 
(617) 738-2196 

POIJ.OCK. LW 

DrrroHBioiXK}Y 

DRFW UNIVERSITY 
MADISON. NJ 07940 
(201) 377-3000 EXT 358 

QUINN. DAVID L 

Di:rr of bioijOgy 

MUSKINGUM COIJ.EGL 

NEW CONCORD. Oil 43762- ) 199 

(614) 826-8225 

KALPn.aL\RLES L 
PFPr OF ZOOLOGY 
COLORADO STATE UNIV 
FfCOIXINS. CO 80523 
(303) 491-6105 

RALSTON. lU 

Dl-rr OF ANATOMY S-1334 
UNIV CALirORNlA AT SAN 

I-RANCISCO 
SAN FRANCISCO. CA 94143 
(415) 476-1861 



REMSiLALMA JEAN 
'JN1V OF WISCONSIN- 

PARKSIDE 
BOX 2000 

KENOSIIA.WI 53141-2000 
(414)553 2213 

ROBBINS. DR HERBERT C 
D/.' \AS BAPTIST UTslV 
7777 WliST KO-ST BLVD 
DAUJVS.TX 7521 1-9800 
(214) 333-5302 



RU'NTAN. NflCIIAEL E 
DEPT OFBIOI^Y 
LANDER COUJ-GE 
GRI:EN*W00D. SC 29646 
(803) 229-8385 

SAVAGE. WAYNT: 
DEPT OF BIOIXXiY 
SAN JOSE STATE UNIV 
SAN JOSE. CA 95192 
(408) 277-2355 

SCIINEIWEISS. JEANTvlHTE W 
DCPT OFBIOIXK}Y 
IIOrSTRA UNIV 
HEMPSTEAD. NY 11550 
(516) 560-5521 



SCHWARTZ, ORLANDO A 
DHT OF BI0IXK5Y 
UNIV NORllII-RN IOWA 
CEDAR FALI.S.IA 50614 
(3'9) 273-2106 

SHOLF^S. OWEN DV 
DLPT OF NATURAL SCH-NCES 
ASSUMPnON COLIXGE 
500SAUSBURY ST 
WORCESTER. MA 01609 
(617) 752-5615 EXT 257 

SINGLETAKY. ROBERT L 
DEPT OFBIOIXXJY 
UNIV OF BRIDGEPORT 
BRIDGEPORT. CT 06601 
(203) 5764265 

SINNAMON. WALT 
CENTRAL WliSL-YAN 

COLU-GE 
BOX 443 

CENTRAL SC 29630 
(803) 639-245 3 EXT 356 

SKAVARIL. DR RUSSEIX V 

DEPT OFGENTmCS 

OHIO STATE LTVIV 

961 BIOL SCI BLDG 

484 WEST TWELFni AVE 

COLUMBUS. OH 43210 

(614) 422 1310 

SMALU JAMES W 
DEIT OF BIOLOGY 
ROLLINS COLU-GE 
BOX 2643 

WINTER PARK. FL 32789 
(305) 646-2433 

SOBIESKI. ROD 
DEPTOFBIOIX)GY 
EMPORIA STATI- UNIV 
EMPORIA, KS 66801 
(316) 343-1200 EXT 5620 



STANSHELD. WIIJ.IAM 
DEPTCF BIOL SCIENCE 
CAL POLYlliCH STATE U^NIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2875 



STANTON. GEORGE E 
DEPT OF BIOLOGY 
COLUMBUS COUJ-GE 
COLUMBUS. GA 31993 
(4(M) 568-2065 

STEIN. PAUL 
DEPT OF BIC ..OGY 
WASinNGTON UNIV 
SriX)UlS.MO 63130 
(314) 889-6824 

STEUCEK. DR GUY L 
DEPT OF BIOLOGY 
NflLLERSVIIJX UTSIV 
NflLLERSVILLE, PA 17551 
(717) 872-3339 

STOKE, LARRIE E 
DANA COLU-GE 
BLAIR. NT- 68008 

(402) 4264101 EXT 229 

STRATTON. LEWIS P 
DEPT OF BIOLOGY 
I-TJRMAN UNIV 
GREEN'VILLE. SC 29613 
(803) 294-3249 

SWEET. HAVEN 

DEFF OF BIOLOGY 

UNTV OF CENTRAL HjORIDA 

ORLANT)0,FL 32816 

(305) 275-2922 

TAUT). STEPHAN R 
DEPT OF biOLOGY 
GEORGE MASON UTslV 
FAIRFAX. VA 22030 
(703) 323-2181 

TESKEY. SISTER NANCY 
HOLY NAMES COU.EGE 
OAKLAND. CA 94619 
(415) 436-0111 

TURNT-U.. \U 
DEPT OF ZOOLOGY 
UNTVERSrrY OF AI J^ER TA 
EDMONTON. AI.BERTA 
CANADA T6G 2E9 

(403) 432 0665 

VI-RCH. RICHARD 
DEPT OF BIOLOGY 
NORTIIIJVND COIJXGE 
ASHLAND. WI 54806 
(715)6824531 EXT 335 

VOORHEES, FRANK RAY 
DEPT OF BIOLOGY 
CENTRAL MISSOURI STATE 
UTSTV 

WARRENSBURG, MO 64093 
(816)4294933 

WALLACE. ROBERT L 
DErr OF BIOLOGY 
RIPON COU.EGE 
RIPON.WI 54971 
(414) 748-8122 



WALTFJtS.DIRKR 

DEPT OF BIOLOGY 

CAL POLYIliCII STAIT: UNIV 

SAN LUIS OBISPO. CA 93407 

(805) 546-2721 

WlilSS. DR IDWARD 
CHRISTOPHER NliWPORT 

COIJ.EGE 
50 SHOE LANTi 
M-WPORTNEWS VA 23606 
(8 (M) 599-7044 

WIIAIXS. MARVIN J 
DFiPrOF BIOL SCIENCE 
CALPOLYTECII STAIl- USIV 
SAN LUIS OBISPO. CA 93407 
(805) W6-1357 

WIUmXM. DALLAS 
DEPT OF BIOLOGY 
HASTINGS COLLEGE 
HASTINGS. NE 68901 
v402) 463-2402 EXT 264 

BIOMETRICS 

BEAVER. JAMES S 
DEPT OF AGRONOMY AND 
SOILS 

COaEGE OF AGRICULTURAL 

SCIENCE 
U>av OF PUERTO RICO 
MAYAGUEZ, P R 00708 
(809) 834-4040 EXT 2380 

BOYNTON.DR JOHN E 
ST JOSEPirS COLLEGE 
155 ROE BLVD 
PATCIIOGUE. NT 11772 
(516)654-3200 

STEUCEK. DRGUYL 
DEPT OF BIOIjOGY 
MnXERSVILIJ: UNTV 
MILLERS VILLE. PA 17551 
(717)872-3339 

WATROUS. JAMES 
DEPT OF BIOLOGY 
STJOSEPirSUNIV 
PinLADELPinA.PAlV;31 
(215)879-7342 

WESSEL-BEAVER. UNDA 
DEPT OF AGRONOMY AND 
SOILS 

COU.EGF OF AGRICULTURAL 

SGENCE 
UNIVCFPLT^RTO RICO 
MAYAGUE7, P R 00708 
(809)8344040 EXT 2566 

WILLIAMS. STANTEY C 
DEPT OF BIOL SCIENCIiS 
SAN HlANaSCO STATT: UNTV 
SAN FRANCISCO. CA 94132 

niOPIIVSICS 

AML/*NER.aiARIJiS J. JR 
DEPP OF ZOOLOGY 
UNIV OF ARKANSAS 
FAyETTEVn.U". AI* 72701 

RAM.JEFF'REY L 
DEPP OF PHYSIOLOGY 
WAYNT. STATE UNIV SOI MLD 
"DETROIT. MI 48201 
(313)5'n-1558 
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SAaiS.DRPRI-DI-RICK 
DFJT OF BIOPHYSICAL SCI 
SUNY AT BUn-AIX) 
BUI-TAI A NY 14214 
0716)831-3289 

SIJ\YMAN. C L 
DIOTOFPHYSIOIXXJY 
YAIJ- SaiOOL 01- MIDICINI: 
NEW HAVI'N. Cr 06510-8026 
(203)788-4478 

WUNDER, CHARLIES C 
DOT OF PHYSIOLOGY 
UNIV OF IOWA 
OAKDAU: CAMPUS 
OAKDALK lA 52319 
(319) 353-4704 



lUOSTATISTICS 

imCKKM.IVKLY, DONA!i> 15 

Di:rr ofbioixxjy 
IIILI>SDAI JE couj:Gn 
IBLI '^DALH. MI 49242 
(517) 437-7341 

PKTERSON. MARGARirr GE 
BIOSTATISTICS RT^S CFR 
UNIV OF CONNFCTICUT 

HE/JLllI CT-R AM034 
FARMINOTON. CT 06062 
(203) 674-3834 

SAKTI, JANA 

DEPr OF CROP SGENCE 

UNIV OF SASKATGIEWAN 

SASKATOON. SK S7N OWO 

CANADA 

(306) 9664952 



BOTANY 

BLACK. JOE B 
DEPr OFBIOIX)GY 
LOUISIANA COLIJ-GE 
PINEVIIXE.IJV 71359 
(318) 487-7611 

CASTA^l:R, DAVID 
DEPr OF BIOLOGY 
CENFRAL MISSOURI STATE 

UNIV 
WARRENSBURG. MO 

64093-5053 
(816) 429-4933 

DICKINSON. WINIIHED 
DEPl'OFBIOIXXJY 
UNIV OF STLUBI-NVILIJi 
STEUBI-NVnJi:, Oil 43952 
(614) 283-3771 

DOYIJ:. JAMES 
DEPr 0FBI0IXX5Y 
AQUINAS COLIi-Gi: 
GRANT) RAPIDS. MI 49506 
(616)^159-8281 EXT 387 

GIBSON. LINDA 

DHPrOFBIOIXXJY 

EASTERN WASHINGTON UNIV 

CHENEY, WA 99004 

(509) 359-2845 

HODGSON. DR LYNN M 
NORITHRN STATE COLU-GE 
ABERDEFJSI. SD 57401 
(605) 222-2432 



IIOLIJVND. VL 
DITV OF BIOL SCIENCE 
GAL POLYTEGI STATE UNT ' 
SAN LUIS OBISPO. CA 93407 
(805) 546-2789 

H0U1.FA 

DI-PT OF CROP SCI & PLANr 

ECOLOGY 
UNTV OF SASKATGIEWAN 
SASKATOON. SK S7N OWO 
CANADA 
(306) 966-5006 

JANKAY. PETER 
DCPTOFBIOL SCIENCE 
CAL POLYTEGI STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2860 

KEIU DAVID J 
DEPr OF BIOL SCIENCES 
CAL POLYTEGI STATE LTSIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2043 

LA BAR. MARTIN 
CENTRAL WESLEY AN COLL 
CENTRAL, SC 29630 
(803) 639-2453 

ROBBINS. DR HERBERT C 
DALLAS BAPTIST UNIV 
DAU^S.TX 7521 1-9800 
(214) 333-5302 

RUNYAN. MiaiAELE 
DLPT OFBIOIXHjY 
IJ\NDER COIIEGE 
GREENWOOD. SC 29646 
(803) 229-8385 

SAVAGE. WAYN^ 
DEPr OFBIOIX>GY 
SAN JOSE STATU UNIV 
SAN JOSE. CA 95192 
(408) 277-2755 

SHAH . M I 

DEPr OF SCIENCE & MATH 
RUST COLLEGE 
UOUy SPRINGS. MS 38655 
(601)252-4661 

SNOW.MiaiM-LD 
DEPT OFPirVS&UFESa 
UNIVERSITY OF PORTLAND 
500 N ".VILLA METTE BLVD 
PORTLAND. OR 97203 
(503) 283-7175 

VERCII. RICIL^RD 
DEPT OFBIOIjOGY 
NORTinJVND COU-EGE 
ASIILAM).WI 54806 
(715)682-4531 EXT 335 

WULFF, BARRY 
DEPT OF BIOLOGY 
EASTERN CONNSTATE UNTV 
WiaiMANTIC.CT 06226 
(203) 456-2231 

YOSIBMURA. MiaiAEL A 
DEPT OF BIOL SCIENCE 
CAL POl.YTEGI STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2466 



CELL BIOLOGY 

BATIiS.WlUJAMK 
DEPT OF BIOLOGY 
UNIV OF NORTH CAROLINA 
GREENSBORO. NC 27412 
(919) 379-5391 

BERNSTEIN. MAURICE II 
DFiPT OF ANAT & CEIX BIOL 
WAYNE STATE UNIV SCH MED 
540 E CAN FIELD 
DETROIT. MI 48201 
(313) 577-1029 

CRHinvcHARUlS 
DEPT OF BIOLOGY 
UNTV OF TOLEDO 
TOLEDO, OH 43606 
(419) 537-4159 

GRAY. F HARRIET 
IIOUJNS COLLEGE 
BOX 9616 

HOLUNS COLLEGE. VA 24020 
(703) 362-6543 

PPJiSCarT, LANSING M 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
SIOUX FALLS. SD 57197 
(605) 336^719 

RALSTON. H J 

DEPT OF ANATOMY S-1334 

LTSTV OF CALIFORNIA, SAN 

FRANGSCO 
3RD & PARNASSUS AVES 
SAN FRANCISCO. CA 94143 

(415) 476-1861 

SAVAGE, WAYNE 
DEPT OF BIOLOGY 
SAN JOSE STATE UNIV 
SAN JOSE. CA 95192 
^408) 277-2355 

STONE. IJ\RRIE E 
DANA COLIJ-GE 
BLAIR. NE 68008 
(402)426^101 FiXT229 

WIU-LAMS. W E 
DEPT OF BIOLOGY 
TRINTnrCOU.EGE 
HERTFORD. CT 06106 
(203) 527-3151 EXT 570 

CHEMISTRY 

IIF^TON. W M 

CTR FOR NATURAL SCIENCES 
NEW YORK INST lHai 
OID WI-STBURY. NY 11568 
(516) 686-7665 

COMPUTERS/CO MP LITERACY 
CHARDINE. DR JOHN W 
DEPT OF BIOL SGI-NCES 
BROCK UNIVERSITi' 
ST CATHARINE:i. ONFARIO 
CANADA L2S 3A1 

(416) 688-5550 

CODY. RONALD 
DEPT OF ENVIRON & 
COMMUNITY MED 
RUTGERS MED SCHOC L 
PISCATAWAY. NJ 08854 
(201)463-4490 



CORBEIU ROBIOT R 
Onm 01- MATHhMAlICS & 

coMPUT sa 

UMV OF SAN DB-GO 
SAN 'moo, CA 92110 
(619) :>60.4600 I-XT 4459 

DUGGAN. ELEANOR 

BIOLOGY DEPT 

UM\' OF N CAROUNA AT 

GREENSBORO 
ROOM 309. EBERIIART BIDG 
G^FJENSBORO. NC 27412-5001 
(919) 379-5839 

DURY. CARLO 

OFBCE OF COMP & INFO 

SERVICES 
TEMPIJ- UMV IILTII SG CFR 
3333 NO BROAD ST. RM 327 
PinLADR.PinA, PA 19140 
(215)22.->479 

HOFMANN, WALLACE C 
DEPT OF PLANT SCIENCE 
UMV OF ARIZONA 
BUILDING #36 
rUCSON.AZ 85721 
(602) 621-1257 

KRETOER. DR DAVID L 
DFiPT OF ANIMAL SGENCF:S 
UMV OF ARKANSAS 
FAYETFEVILIJE, AR 72701 
(501) 575-4870 



KRULL. DR SARA 
SGIOOL OF NURSING 
ST LOUS UNIV MED CTR 
ST LOUIS. MO 63104 
(314)577-8903 

LEONG. KINGSTON 
DEPT OF BIOL SCIENCE 
CAL POLYTEOI STAlT: UNIV 
SAN LUIS OBljlX). CA 93407 
(805) 546-2788 

UBEY. TERRY 

DEPT OF HEALTH CAREERS 

LANSING COMMUMTY 

COU.EGE 
419 N CAPITOL AVE 
LANSING. MI 48901 -7211 

OLTJEN. JW 

DEPT OF AMMAL SGENCE 
OKLAHOMA STATE L^IV 
STIU. WATER. OK 74078 
(405) 624-6670 

OWEN, wn J JS L 

3224 N ROIT 

OKLAHOMA CITY. OK 73 11 2 
(405) 271-2229 

PARISI. ANTHONY J 

WRIGHT STATE UNTV SGIOOL 

OF MEDICINE 
DAYTON, on 45401-0927 
(513) 376-6711 

POTTINGER. JAN 

RM2050 MSC 

UMV OF WISCONSIN AF 

MADISON 
MADISON. WI 53706 
(608) 263-1595 
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SCIIAAD. DOUGLAS C 
DIV RKS IN MiiD liDL'C 
UNI V OF WASI IING I ON SC-45 
SI-A'rnX WA 98195 
(206) 543 9320 

SliSSLIiR. AMY 
CURRICUI^AR SOITWARi: 

STUDIO 
TUTS UNTVa-RSITY 
MKDrORD. MA 02155 
(617) 628-5000 lAT 2009 

SKA VARA,. DR RUSSIilJ. V 

DOT orcKNimcs 

OHIO STATi: UMV 
COLUMBUS. OIM3210 
(614) 422-1310 

STRINGI'KU^OW, HART R 
DI:Pr OFDI-NTAL LDUCATION 
UNIV OF FLORIDA COIJJ.GF 

OF DCNriSTRY 
BOX J.406 JIIMIIC 
GAINT-SVILIJ:,!!, 32610 
(904) 392-2674 

WF-TSTONT:. SCOTT 
U^'IV OFCONNI-CTICUr 

nnALniCTRAM033 
FARMLNGTON, CF 06032 
(203) 674-3836 

CrrOGENETICS 

GRANT, WILLIAM F 
GLNirnCS IJ\M0R/\T0RY 
PO BOX 4000 

MACIX)NALD CAMPUS 01- 

McGIIXUNIV 
Sri: ANN!: DI- BF3.LFVUI- 
QULBFC. CANADA n9X ICO 

C\TOLOGV 

GRANT. WIIJ.IAM F 
GLNFmCS U\B0RA10RY 
POnOX 4000 

MACIX)NALD CAMPUS OF 

McGiix xrsiv 

SI II ASSli DF: BBJJiVUF: 
%'I:BLC. CANADA II9X ICO 

KFirn-.J RICHARD 

Di:rr of anatomy 
casf: wf:sti:rn Ri-si-RVf- 

UNIV 

CLI-VFIJ\NT). OH 44106 
(216) 368-2656 

I) I : VK I .O FM F.NT A L BI 0 L0(; Y 
^\LST0N. IIJ 

DI'IT OF A NAT OMY S. 1 334 
UNIV CALIFORNIA AT SAN 

I"RANCISCO 
3RD & PARNASSUS AVFS 
SAN FTiANCISCO, CA 94143 
(415) 476-1861 

STO.NF.lJ\RRIi:i-: 
DANA COLU-GL 
BLAIR. NF: 68008 
(402)426-410) FXT 229 

VOORIII-I-S. FK 
DHPI" OF BIOLOGY 
CLNTRAL MISSOURI SrAIli 
UNIV 

WARRLNSnURG. MO 6-5093 
(816) 429-4933 



KCOLOGY 

BFAVFR. JAMFS S 
DFPi' OF AGRONOMY AND 
SOILS 

COIJ.FGF OF AGRiCULTURyM. 

SCIIIN'CF 
UMV OF PUFRTO RICO 
MAYAGUIiZ. P R 00708 
(809) 834^4040 I-XT 2380 

BniJ.MFR. SISTER KLIZA- 

nmiH 

TRINrrY COIXIiGI-: 
WASIIINGrON. DC 20017 
(202)939-5190 

BOWKFR, IXSIJFS 
DI-PT OF BIOL SCILNCF 
CAL POLYTFCII SIA'I F UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2788 

BOYNTON. DR JOHNM- 
ST JOSFPirs COIJXGI- 
155ROnBLVD 
PATQIOGUF.N'Y 11772 
(516)654-3200 

CACCAMISF. DONAID F 

DHPT OF I:NTOM0IX)GY 

RUTGFRS U'NIV 

NFW BRUNSWICK. NJ 08903 

(201)932-9459 

CAIDWi:iX. DOUG 

DFPT OF APPUI-D MICRO & 

i-ooD sa 

UNIV OF SASKATCIIFWAN 
SASKATOON, SK S7N OWO 
CANADA 
(306) 966-5026 

CAMLRON. DAVID G 
DFPr OF BIOIX)GY 
MONTANA STATI-: UMV 
BOZI-MAN. Mr 59717 
(406) 994-2670 

aiARDIM-:. DR JOINW 
DFPr OFBIOLSCILNCFS 
BROCK UNIVFRSriY 
ST CAniARIM-:S. ONI'ARIO 
CANADA L2S 3A1 
(416) 688-5550 

ciii-w. rs 

DFITOFBIOIjOGY 
lUITSUNIV 
MLDFORO. MA 02155 
(617) 381-3189 LX I 3195 

CLOUTIKR.CONRAD 
DLPr OF BIOLOGY 
UNlVLRSri'Y LAVAL 
QU'LBFC I0,Ol'I^Bi:C 
CANADA GIK 7IM 
(418) 656-3183 

COCKFRIIAM. Bn.L 
I'RIiSNO PACinC ( OLI.FGh 
I'RLSNO. CA 93702 
(209) 453-2045 

CYR. ANDRH 
DFPrOI- BIOLOGY 
UNIV0FSIII:RJ]R(X)KL 
SHFRBR(X)KI'. QULBL'C 
CANADA J1K2R I 
(819) 821-7074 



iX)YLi:. JAMFS 
DI »i OFB'OLOGY 
AQLINAS COLIJ'GF 
GRy\ND RAPIDS. MI 49506 
(616) 459-8281 FXr 387 

DL'DLKY. PA I-RICIA L 
DLIT OFBIOLSCILNCLS 
BARNARD COIJ.LGi: 
COLUMBIA UNIV 
3009 BROADWAY 
NI-W YORK. NY 10027 
(212)2^0-2437 

FANNING. MARSHA F 
DliPF OF BIOLOGY 
LFNOIR-RIIYNF COLIJiGI: 
HICKORY. NC 28603 
704) 328-7270 

GAMBS. ROGFR 
DhPrOF BIOLSCIHNCF 
CALPOLVmCH STA'n-: UNIV 
SAN LUIS OBISIX). CA 93407 
(805) 546-2551 

GILLS. ROBFRT II Jr 
DFPrOF nSHFRILS & 

WIIDIJITiSCIFNCF 
VIRGINIA POLVrCCH INST & 

STATF: U'NIV 
BLACKSBURG. VA 240^)1 
(703) 961-5910 

HOIJjkND.VL 

dfitofbiolscilncf: 
cal polyti-ci i s ra'it univ 
san luis obispo. ca 93407 

(805) 546-2789 

JOHNSON. DAVID W 
Di:ri OF BIOLOGY 
CONCORDIA COIJ.LGF 
MOORIIlJ\D. MN 56560 
(218) 299-3085 

JOHNSON. IVAN M 
DIJM OF" BIOLOGY 
CONCORDIA COLLFC'H 
MOORHI-AD. MN56V><) 
(218) 299-3085 

KLSLFR. DAVID II 
DFPrOFBIOLOCiY 
RHODFS COIJ.FGI- 
MF:MPIIIS.1N38II2 
(901) 726-3557 

NOVFMSKY, LISA 
NI-W JLRSI-Y INS I 'I LCI I 
NliWARK. NJ 07102 
(201) 596-3253 

ROBBINS. DR HI RBL'RI C 
DALIJ\S BAPIISI UNIV 
DAIIv\S.*l*X 7521L9800 
(214) 333-5302 

SrilWARiy. 0RIJ\ND0 A 
DI "I OF' BIOLOGY 
UNIV OF' NOR niLRN IOWA 
CFDAR FALLS, lA S0614 
(319) 273 2106 

SHAM, MI 

DFiT ofscii:ncl& MAin 

RU'ST COLLhGF 

HOLLY SPRINGS. MS 3S615 

(601)252-4^)61 



sin(;ij:iary. robfri i 

niiPl OF BIOI OCiY 
L'NIVOF'BPIIXJI IX)RI 
BRiraTORI'.CT 0r,6()l 
(203) 576-1265 

SIOFY. WILIJAML 
DFITOI- BlOi/MiCROBIOI 
UNIV OF Wise AT OSIIKOSII 
OSHKOSII. WI S4001 
(414) 424-3068 

SNGvV. MICIIAFLI) 

DLPI OFPHYSICAI .SL I III- 

SCIFNCFS 
UNIVFRsriYOF IX)Rn XM) 
5()0NWILlj\MLnLHI VO 
IX)Rn.AND.OR 97?01 
(5 03) 283-7175 

S'l ANION. C»i:ORGL I: 
DI-.PI OF' BIOLOGY 
COLUMBUS COLI LG! 
COLLMBUS. GA 31993 
(4(M) 568-2065 

UNGAR. IRWIN A 

DLITOI- BOIANY 

OIIIOL'NIV 

A HILNS. OH 45701 

VAN AMBURG. GIRAI D! 
DLIT OF' BIOLOGY 
CONCORDIA rOLIIGF 
MOORHI-AD. MN 56560 
(218) 299-3085 

WALTHRS. DIRK R 

IM-:Pr OF BIOLOGY 

CAL POLYnXllMAII LMV 

SAN LUIS OBI SIX). CA 91407 

(805) 546-2721 

WLISS. DR FDWARD 
CHRISIOPHLR NLWmRI 

CO! Li:C)i: 
50 siiof: ij\\f: 

N'liWIX)R r NhWS. VA 2V/)6 
(804) 599-7(U4 

WLRNFR. J KIR WIN 
DI-ITOF BIOLCXJY 
NORHII-KN MICHIGAN I NIV 

MARc^L'Frrn;. MI49SS') 

(906) 227-2310 

WOIJ-.'IIIOMAS M 
DF:PI 01- BIOIOGY 
WASIIBL'RN UNIV 01 I OP! K \ 
IOPLKA.KSr//,21 
(911)295-6768 

WLIJ1-. BARRY 
DLPI OF' BIOLOGY 
FASILRNCONNSIAII IMS 
WHiJMAVnC. CI 06226 
(201)4V).2231 

KDl Cy^TION 

GROBMAN.HUI DA 

s r LOUIS UNIV sen mi d 

STI/)UIS.M()611(M 
(314) S77-8645 

KLRBLSIIIAN. I YNN 
L'NIVOF NO DAKSC II Ml 1) 
OMI I'MLDSnLNCh NO 
GRAND IORKS.NI)S8?()l 
rZOl) 777-3833 
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KROCU LL. SIIVi:\ 

1)1 n 01 i.DVc SLRVif :i.s 
MijMrALroiiJXJi.oi wise 

\1ILWALKi:i:,WI 5322r, 
(414) 257 8546 

\k<:Ry\l)Y.WIIJJAM 

sni.Nn ij ARMNoriR 

U'MVOI IIXVS AI 
ARIJNXnON 

HOX 193S9 

ARUN'CnON/l-X 7(Am 
(817) 273 2129 

\ lA nKON.MICKOSCOn' 
SAVACJi:. WAYNJ: 

oiyr 01 HioLooY 

SAN* JOSH ,SrA'I HUM V 
SAN* JOSL CA 95192 
(m) 277-2355 

lAIimY()L()(;Y 

BLLLMf R.SIVU.RLIJZA- 

Hirin n 

IRINTIYCOUJiOH 
WASHlNCriON. DC 2(X)17 
(207) 939-5190 

BLRNSnXV.MALRIChn 
DI FI* OI- AN AT & ChlU IMOL 
WAYNI: SI A*n. LNIVSCII MIM) 
540 r AMI H 1.1) 

i)i:i Rorr. su 4820i 

(313) 577-1029 
ll.HBACK, DANIIJ. 

1)1 in* 01- anaiomica:. sc:i 
LNiv oFoKij\ iH;ni sn ci r 

K)»r\X 26901 HMSH510 
OKIjMIOMA CHY. 0K7319(» 
(405) 271-2377 

IIARKIS, niO\L\SM 
Dhr! OFANA'IOMY 
MIJ) COIJJXJf: 01* VIRGINIA 
RICHMOND. VA 23298 00^1 
(8W; 789-9534 

IIILIJA'>*r. 'iTIIPIHiN' 

DhIT Ol- HIOIXXJY 

BALDWIN'. WAIJJVCI: COLU'CH: 

BI RliA. Oil 44017 

(216) 826-?;65 

kiusslhk. sis*n:R irma 

DIPr GHBIOIXXIY 
COLLHCH: OF S F HUZABIiTI I 
CONVI-.NT S FAnON, NJ 07961 
(201)539-1600 

Mi.YHPS.PMJL H 

1)1 jn* OFB10LaiHM& 

SFRUCT 
TIIH CHICAGO MHD SCHOOL 
3333 GRHHN BAY RD 
NOR17I CniCACA IL 60064 
(312) 578-3000 liXl 458 

ROBBINS. DR IIFJ<BHR*FC 
DAIJ,AS BAPFIS'F UNIV 
DAIJJVS. 'I'X 75211-9800 
(214) 333-5302 



knix)crinolo(;y 

CliAW/, RSfOn 
I' A PROGRAM 

L'N'IV OF NEBRASKA MLO ClU 
OMAHA. NH 68105 
(402) 559 5266 

JHGLA.'IHOMASC 
DHIT 0Fni01X)GY 
KLN'YONCOIJJ.GH 
GAMBIHR. OH 43022 
(614) 427-2244 

GRAY. FIIARRII-T 
HOI J.INS COI J.LG1-. 
IIOIJ.INS COIJJiGH. VA 24f)20 
(703) 362 6543 

RAWIir*I.AIJJ-NB 
DHFFOI B10CIlH\ns*|-RY 
LNIV KANSAS MLD ClU 
KANSAS CFIY. KS 66103 
(913) 588-6957 

SAGH. MARIIN 
^LPF or BlOljOGY 
UNIV OF MISSOL-RI AT ST 

LOUIS 
ST LOL'IS. MO 63121 
(314) 553-6218 

SCHMIDT. THOMAS J 

DHin OFPIIYSIOL&BIOPIIYS 

UNIV 01- IOWA 

5-432 BOWHN SCILNCH BLDG 

IOWA CITY. lA 52242 

(319) 353^18 



WOLF. RICHARD C 
DHPF OF PHYSIOIX)GY 
UNIV OF WISCONSIN 
MADISON. WI 53706 
(608) 262-2939 

ZIMMI-RMAN. JAY 

DliFF OF BIOL SCBLNCLS 

ST JOHN'S UNIV 

GRAND CI-NTRAL& U'FOPIA 

PKWS 
N*I:W YORK, NT 11439 
(718) 99a6161 I-XT5233 

KNTOMOLOGY 

CLOUTIHR. CONRAD 
DHPF 0FB10IX)GY 
UNIVl-RSITY LAVAL 
QLT.BHC10, QU' BHC 
CANADA G1K7P4 
(418) 656-3183 

FARRII-R.MII 
DLPr OF HNTOMOLOGY 
NOR'ni CAROLINA STA'n- 
UNIV 

RAIJ-IGH.NC 27695-7613 
(9!9) 737-2833 

IIAMAN. A C 
DHPF OF BIOIX>GY 
UNIV 01- NORTI II-:RN IOWA 
CHDARFALIiJ. lA 50614 
(319) 273-2726 



HILTON. IX)NALD I'J 

DLrr or biolscilncls 

BISHOP'S UNIVliRSnY 
LIIN'NOXVIIJ.F. QLLBi:C 
CANADA JIM r/7 
(M9) 569-9551 

JOHNSON, IX)NNT 
DI-FF OFFNTOMOIjOOY 
UNW OFARK.\NSAS 
I-AViriTHVILIJ:. AR 72701 
(501) 575-2451 

IJVMP.WIIJJAM 

DITF OF I-NTOMOIX)GY 

UNIV OFMARYIViND 

COIJ,HGH PARK, MD 20742 

(301)454.5875 

LLONG. KINGSTON 

Dhvr OF BIOL scii:nch 

CAL I>0LY1>.CII STA Ii: UNIV 
SAN LLIS OBISPO, CA 93407 
(805) 546-2788 

NfUSICK, G J 
DL'PF OF LNTOMOIjOGY 
L'NlV OF ARKANSAS 
FAYETTEVUJjE. AR 72701 
(501) 575-2451 

ODI-, PHILIP 
D'^Pi OF BIOLOGY 
TinELCOIXEGH 
GRHHN'VILE.PA 16125 
(412)588-7700 

PICKERING. JOHN 
DhlT OF HNTOMOIjOGY 
L?vlv OF GEORGIA 
ATircNS.C 
(404) 542-2810 

WIUJAMS. STANl-EY C 
Dl-n OF BIOL SOENCES 
SAN I--RANCISCO STATE UNIV 
SAN I-TL\N*C1SC0. CA 94132 

ENVIRONMENTAL SCIENCE 
FORTNl-R. ROSANNTi 
OHIO STATE UNTV 
SCHOOL OF NAT RI-:SOURa:S 
COLUMBUS. OH 43210 
(614) 422-2265 

SABOSKI. EI.EANOR M 
NI-W F^CGUVNT) COLLEGE 
III-XMKER. NH 03242 
(603) 428-2374 

SNOW. MiaiAI-XD 
DFPT OF PIIYS&un- SCI 
UN*1V OF PORTLAND 
500 N Wn,LAMI-rFE BLVD 
PORTLAND. OR 97203 
(503) 283-7175 

EPIDEMIOLOGY 
KIJVAS.JUDY C 
DEPT OF BIOLOGY 
FRAMINGHAM STATE COLL 
FRAMINGHAM, MA 01701 
(617) 620-1220 EXT 459 



K\'OLnK)N 

CAKiCO, JAMES H 
DLFFOI BIOLOGY 
LYNCHBURG COUJXJh 
LYNCHBURG. VA 24501 
(804) 522-8366 

ciiL^w. rs 

DI:rr OF BIOLOGY 
TLTFS UNIV 
MHDFORD. MA 02155 
(617) 381-3189 I-XT 3195 

FAN'NING. MARSHA L 
DHPF OF BIOLOGY 
I J:NOIR-RHYNE COLIJJGI: 
IIICKORY.NC 28603 
(704) 328-7270 

FERNER.JOILN* W 
DHPF OF BIOLOGY 
•niOMAS MORECOUXGh 
CRESTVIEW IIILI^. KY 41017 
(606) 344-3374 

GORMAN. MARK 
BAIJ)WIN- WALLACE COLIXCHi 
BFRI-A. OH 44017 
(216)826-2217 

ODE. pmijp 

DHPF OF BIOLOGY 
THIEL COIJ.EGH 
GRELN'VIIJE. PA 16125 
(412)588-7700 

SI-:/\GER. BOB 
DEPF OF BIOLOGY 
U'NlVCF N*ORniI-:RN IGWA 
CEDAR FALLS. L\ 50614 
(319) 273-2670 

S*FANSFie.D. WIUJ \M 
DFJT OF BIOL SCIENCE 
CAL POLYn-CH STATI- UNI\' 
SAN LUIS OBISPO. CA 934^)7 
'805) 546-2875 

STANTON. GEORGE E 
DEPT OF BIOLOGY 
COLUMBUS COIJ.EGE 
COLUMBUS. GA 31993 
(404) 568-2065 

WIUJAMS, W E 
DEPT OF BIOLCXJY 
TRINTTY COIXEGE 
HARTI-ORD.Cr 06106 
(203) 527-3151 EXT 570 

VAMILY PRACTICE 
PARISL ANTHONY J 
WRIGHT STATI-: L'NlV SCH 
MED 

DAYTON. OH 45401-0927 
(513) 376-6711 

nSIIERIES 

WIIALLS. MARVIN J 
DEPT OF BIOL SCH-NCE 
CAL POLYTI-ai .STATE UNlV 
SAN LUI,S OBISPO, CA 93407 
(805) 546-1357 
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SELECTING AN ANALOG-DIGITAL 
INTERFACE: A TUTORIAL 

Richard F. Olivo 
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For a compute- to serve as a laboralOTy 
instrument, it must have an analog- 
digital interface added to it A surpris* 
ingly large number of analog interface 
devices are available, differentiated not 
only by the computer for which they 
arc made, but also by their capability 
and price. This tutorial is intended to 
help readers choose an appropriate 
analog system. It reviews the basics of 



anaJo^ -to-digital conve-rsion. discusses 
desirable features in commercially avail- 
able products, and suggests sources of 
product review and other information. 
T c tutCKial is based on my own experi- 
ence in designing, building, and pro- 
gramming a data-acquisition system for 
teaching^ and on my reading of manufac- 
turers' catalogs as I prepare to devise a 
new system. Its orientation is largely 
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towaids the teaching Iaborat(^» but 
most comments would ^ly equally 
well to choosing a system for use in 
the research laboratory. 

THE RANGE OF CHOICES 
Two extreme cases illustrate the choices 
that must be made in selecting an 
analog-digital interface. In the first, the 
computer automatically takes a series of 
measurements that might once have 
been T^ritten down by hand Mc^e than 
onevanable such as pH, temperature, 
gas volume, or time, mig^t be tracked 
simultaneously. The task does not re- 
quire high sp^ in taking samples, but 
it does require high iH'ecision. The data 
will be subject to furth^ calculati(H)s, 
possibly using a spreadsheet or statis- 
tics package, before information derived 
from the data is printed or ploued 

At tlie opposite extreme, the second 
case simidates a digital storage oscillo- 
scope on a computer's graphics screen. 
Acquisition spee^l is now important 
because tens of thousands of samples 
must be taken per second. Precision, 
however, is much less important It 
need be no better than a typical oscillo- 
scq)e, and it will, in any case, be limit- 
ed by the resolution of the computer's 
graphics display. The computer in this 
example stores and displays the data but 
does liule or no calculating. 

The first example requires high data 
resolution but low speed, while the 
second example requh-es low data resolu- 
tion but high speed Analog interfaces 
are available that have both high resolu- 
tion and high speed but they are much 
less expensive if one can be less de- 
manding about one feature or the other. 
In teaching, where multiple set-ups are 
needed, low cost can be very important 
Readers whose budgets and style allow 
the use of high-priced equipment iv/r 
low-cost tasks may skip the rest of this 
article. 

BASIC HARDWARE COMPONENTS 
The essential comp(Mient of every ana- 
log interface is an analog-to-digital con- 
verter (ADQ, a q)ecialized integrated 



circuit that, on command from the com- 
puter, changes the magnitude of an in- 
coming analog voltage into a number 
that it sends to the computer. An inter- 
face may also have a multiplexer to 
allow several analog input channels to 
share one ADC, amplifiers to boost the 
analog input signal, sample-and-hold 
devices to freeze nq)idly changing sig- 
nals at a particular instant, and some- 
times, one or more digital-to-analpg 
conv^rs (DACs) to change digital 
values from the computer back into ana- 
log voltages to be sent to chart record- 
ers or other display devices. We will 
consider these components in the order 
in which an input signal usually en- 
counters them. 

Signals, transducei^ and amplifiers 
Before any analog conversions can 
occur, the parameter to be measured 
" lust first be put into electrical fc^. 
Some signals, such as nerve or muscle 
potentials, start out in electrical form 
and need oriy be amplified Other meas- 
urements, such as of temperauire, light, 
or movement, require transducers to con- 
vert a physical quantity to an electrical 
signal. Examples of common Iab(Ka- 
tory bansducers are strain gauges, therm- 
istors, thermocouples, phototransstors, 
and pH meters. Often uiese are already 
0*. hand if laboratory data are recorded 
on strip charts, but they v^ill have to be 
introduced if exercises presently involve 
reading meters (x* dials. Transducers are 
never part of an interface board itself, 
but some transduce require power 
sources, and some commercial int^ace 
boards provide the power for specific 
transducers, vastly simplifying the 
iiiterfacing task. 
Whatever its origin, an electrical sig- 
nal usually requires amplification before 
it is sent to an ADC. Any ADC will 
have a fixed ^an of input voltages cor- 
responding to a span of digital num- 
bers. In one typical ADC, for example, 
an input of -5 volts emerges as the num- 
ber 0, while +S volts becomes the num- 
ber 255. Intermediate voltages have 
intermediate numbers. For this ADC, 



an input signal will be represented with 
the mos( precision if its values span the 
fiill range of -5 to +5 volts, in which 
case it can be re^n-esented at any one 
moment by one of 256 possible num- 
bers fipom 0 to 255. If, on the other 
hand, the input signal spans only -0.5 
to +0.5 volts, one tenth of the ADCs 
ranee, it will be represented by only 25 
diff^nt values, a tenth of the numeri- 
cal range. To maximize the resolution 
of the digital conversion process, the 
analog signal should almost fill, but 
not overflow, the ADCs input range. 
This usually requires adjustable ampli- 
fication. 

Some commercial interface boards 
have adjustable on-board amplifiers and 
accept a wide nuige of possible input 
signals. In some cases, the level of am- 
plification (gain) is set by an on-board 
switch or jumper. In other cases, the 
amplification is set by a command from 
the computer. In my view, amplifica- 
tion on interface boards is often not 
well designed cspecbSly if several ana- 
log input signals with substantially dif- 
ferent ranges are to be measured If the 
interface board has only a single ampli- 
fier that must be placed afto* the analog 
multiplex^* so it can serve all the input 
channels, ib ^'an can not be suitable 
for all channels simultaneously. If the 
gain is programmable, it will have to 
reset before sampling each channel, 
which means that the amplifier will 
need time to settle aft^ each change in 
gain. This slows the sampling rate. If 
the ampler is not iH'ogrammable but 
has its gain set by jumpers, external am- 
plification or attenuation will be essen- 
tial to bring all the signals into the 
same range. A better design would pro- 
vide independent, adjustable amplifiers 
for each channel and a separate ADC for 
each channel. It is also helpful if the 
amplifiers and their input connecters are 
in a sqiarate box that can be placed near 
the experiment The good news for life 
scientists is that if external amplifica- 
tion must be added, it is cheap and easy 
to build DC amplifiers that are adequate 
for most biological signals because 
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they seldom have components above 10 
or 20 kHz. One example of a circuit 
using the common 741 operational am- 
plifier is found in my interface design.^ 

Analog'to-digltal converters 
After amplification, the signal is routed 
to an analog-to-digital converttt- that 
changes the voltage into its digital 
equivalent, usually through an int^rol 
ITOcess resembling "twenty questions." 
Following a command to begin, the in- 
put voltage is compared to a shrewdly 
chosen scries of test voltages until a 
match is found. The convert^' then 
signals that it has finished the conver- 
sion. Since it takes time to cany out 
this succ^ive approximation process, 
the frequ^cy with which samples can 
be taken will be limited. Conv^ion 
times for typical, moderate-cost AJX:s 
range from 5 to 100 microseconds per 
sample. 

The resolution with which the apiHoxi- 
mation is made also varies for different 
ADCs and is specified by the number of 
bits. Typical resolutions are one part 
in 256 (8 bits), a resolution adequate for 
a digital oscilloscope, one part in 1024 
(10 bits), and (Mie part in 4096 (12 
bits). Higher speeds and higher resolu- 
tions are available but are much more 
expensive and require .nore precise am- 
plifiers on the board if the resolution 
and speed are u> have real value. In 
many cases, 8 bits are enough and offer 
the additional advantage of having one 
sample fit in one byte of memory. 
Anything greater than 8 bits requires 
two bytes per jample, halving the num- 
ber of samples that can be st(xed in 
memcKy. However, a higher rcso!uti(Mi 
ADC has the advantage that a signal 
filling only a fraction of the input range 
may stiU yield an adequate level of 
precision. This is important if the 
signal's amplitude is unkown or 
changes suddenly. 

D|gltaI-to-anak)g converters 
In addition to the input circuitry, some 
analog interfaces have digital-to-analog 
converters (DACs), special integrated 



circuits that convert numbers from the 
computer back into analog voltages or 
cunents. DACs provide signals for con- 
trolling equipment or for display on os- 
cilloscopes, chart recorders, and X-Y 
plotters. For example, a simulated dig- 
ital oscilloscope with two channels 
might have two DACs, one for each 
channel, to permit dumping the two 
stored traces to a chart recorder for per- 
manent copies. Although DACs are 
inexpensive and are intrinsically q)eedy, 
few general pupose interfaces include 
more than two DACs, and some have 
none, even if they have 8 or 16 multi- 
plexed input channels. The DAC chan- 
nels seldom are a major factor in choos- 
ing an interface as long as an adequate 
number is provided. Also, the resolu- 
tion of the output DACs can safely be 
less than the input ADC because the 
program can scale tlie data before they 
are sent out 

Another form of output provided on 
some interface boards is a group of 8 or 
16 digital ou^ut lines that the compui 
er can toggle between 0 and +5 volts. 
Digital lines may be used to control 
waming hi;hts, simple devices, and re- 
lays that switch on external equipment 
Ou^ut-only interface boards with multi- 
ple DACs, digital lines, and, some- 
times, on-board relays are available 
from some manufacturers. 

INTERACTIONS WITH THE 

COMTIJTER 

Two more topics that must be consid- 
ered are how the analog int^Dace trans- 
fers numbers to the computer and the 
software that controls the interfSace. 

ThcTC are several strategies far trans- 
ferring data to the computer. One is to 
make the analog interface a small, inde- 
pendent, dedicated compute of its own 
that receives commands from the main 
computer and returns data in response. 
The int^ace njay have a considerable 
amount of memory of its own, so it 
can "gulp" big blocks of data that it 
later sends more slowly to its host 
Typically, the transfer is through a 
standard RS-232 seiial port, an interface 



that most computers have, but one that 
is relatively slow. Thus,RS-232 
linked interfaces have the advantage of 
being usable with almost ai / computer 
but the disadvantaoe of not being able 
to send more than a few hundred sam- 
ples per second. They also duplicate 
some of the hardware of the host com- 
puter, driving up the total cost, but this 
can be an advantage if the host comput- 
er has other tasks to do and is aided by 
this parallel processing. The Macin- 
tosh, which has had a closed architec- 
nu*e, requires an RS-232 linked inter- 
face, a limitation in using the Mac in 
the laboratory. Even if the Mac 
acquires slots, its processor is so busy 
running the system that a sqxarate proc- 
essor on the interface might be 
desirable. 

In contrast to a serial link, higher 
performance can be obtained if the inter- 
face sits in the computer's address 
space, accessible direcdy by the proc- 
essor. The majority of analog inter- 
faces frdl into this categcxy and have 
been designed for one of the three stan- 
dard families of computers that permit 
add-on cards: the IBM PC/XT/AT, the 
Apple //e, and the Commodore 64. The 
festest of these interfaces can acquire 
more than 100,000 samples per second. 
The next section deals with several ad- 
ditional aspects of these plug-in cards. 

Timing, interrupts, and memory transfers 
Because samples mvst be taken at regu- 
lar intervals, there has to be a source of 
timing inCwmation. The crudest ap- 
IH^oach is to employ a software loop in 
which samples are taken rq)eatedly at 
an interval detumined by the numbe* of 
instructions in the loop. This is an 
awkward s^oach and is seldom used. 

For hardware approaches, which are 
always better, a programmable counte 
is provided on the interface board or 
sometimes on a sqjarate boarl The 
program loads the countei with the num- 
ber of machine cycles that are to elapse 
between samples, and each time the 
counter times out, an action is initiated 
to acquire a new sample. " • slow 
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sampling rates, the system clock can 
also be used as a timer. The system 
clock drives (he computer's built-in 
routine for maintaining the time of day 
and activating other housekeeping func- 
tions, and it can have data collection 
piggy-backed on it On the IBM PC, 
the system clock ticks 18.2 times per 
sec(md, which is too infrequent for 
many sampling tasks. 

WhichevCT hardware clock is used, 
there are several approaches for finding 
out whether it is time to take the next 
sample. One is to poll the clock, re* 
peatedly reading Jie appropriate mem- 
ory locations to see if the clock has 
reached zero. For fist applications 
where the computer will not, in any 
case, have time for other tasks between 
samples, polling is very efficient 

An alternative to polling is to create 
and inteiTupt-driven routine. At each 
time-out, the processor is allowed to 
complete the current instruction and 
then forced to jump to a section of the 
program that collects and stores a sam- 
ple. A special instruction at the end of 
the sampling routine returns the proc- 
essor to the place at which it was inter- 
rupted. To avoid chaos, each interrupt 
has to save and then restore the proc- 
essor's registers. Because of this over- 
head, interrupts are slower than polling, 
but they do permit more than one task 
to take place simultaneously. 

The fastest way of collecting data uses 
dirtct memory access (DMA) whicli 
available on the IBM PC but not on 
older personal computers. DMA is car- 
ried out by a special processor-like chip 
in the ccn^puter that takes over the 
computer's bus briefly to move data to 
or from memory. It automatically up- 
dates the address where the next sample 
will be stored The main processor is 
bypassed completely making it free to 
carry out other tasks. This approach is 
much faster than polling or interrupts, 
permitting rates alx)ve 100,000 samples 
po" second. A numbo" of interface 
boards for the IBM PC offer DMA 
capability. 



SOFTWARE 

For most us^, the software problem 
will be a matter of selecting a suitable 
package rather than writing their own 
programs. Many hardware manufac- 
turers offer software packages for then- 
interfaces, and some indq)endent pack- 
ages are available that can be used with 
several different interfaces. Most of 
these packages put the incoming data 
into a form that can be inonpcKated 
into standard sjneadsheets; a few others 
sir. tulate oscilloscopes. If ahardwa^^e/ 
software package is available that ac- 
complishes one's data collection task, 
this is by far the easiest route to take. 

Some of us, however, will need to 
write our own software. If low speed 
sampling is all that is required, a data 
acquisition program may be relatively 
simple and can even be woiuen in 
BASIC, which can handle tens of sam- 
ples per second. The program*s task 
will be essentially to send the interface 
a channel numb(»' and a start signal, to 
poll the converter to detect when the 
data are ready, and then to place the data 
into an array. If hundreds or thousands 
of samples are needed per second, it 
may be necessary to work in assembly 
language or in a language that easily 
incorporates assembly language rou- 
tines such as FORTR This approach 
requires auention to data structures - 
how the numbers will be arranged in 
memory - and to the hardware issues of 
iiiteiTupts and tiiTting ihai were men- 
tioned above. Those readers who are 
prepared to write such programs prob- 
ably already know who they are, but it 
is iiot as forbidding a task as it may 
fi st appear, particularly if the manufac- 
turer provid^ a set of subroutines. 

SOURCES OF ADDITIONAL 
INFORMATION 

Because a large number of companies 
manufacuue data acquisition proiucts, a 
list of products would be beyond the 
scope of this article. However, several 
manufacturers publish catalogs that 
provide substantial background on how 



their products w(^ These include the 
following: 

Burr-Brown Corporation 
P.O. Box 11400 
Tucson, AZ 85734 

Cyber Research, Inc. 

P.O. Box 9565 

New Haven, CT 06536 

Data Translation, Inc. 
100 Locke Drive 
Marlboro, MA 01752 

Metrabyte Corporation 
440 Myles Standish Blvd. 
Taunton, MA 0?780 

Two relatively general discussions of 
laboratory interfacing by Ford^ and 
Qunei also provide useful background 
infmnation. 

For information on specific products 
for the IBM PC, a listing of data on 46 
hardware products from 21 manufactur- 
ers is given by Conner ,2 who also pro- 
vides information about nine software 
suppcHt packages. Unfortunately, her 
article appears in EDN, a magazine that 
may be hard to find in libraries. More 
easily found and deeper in its evalua- 
tions is a review by Miller^ that discus- 
ses 14 analog boards from seven manu- 
facturers. Five software packages for 
the PC, all of which control either the 
Tecrnar or Data Translation analog 
boards, are reviewed by Wirth and 
FotdP AU of these articles also discuss 
some basic asp u:ts of acquiring analog 
data. 

For the Macintosh, where product 
choices are more limited, a brief review 
by McNeill and Freiberger* discusses 
four hardware products and describes 
several Mac programs for laboratory 
simulation, statistics, and plotting. 

Although the Apple //e and Commo- 
dore 64 omiputCTS have limited mem- 
ory and speed, they can be useful and 
very cost-effective in teaching. Pro- 
ducts for them are widely available, in- 
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eluding some from major manufactur- 
ers. I know of no coDeciive source of 
infmnation about these products other 
than catalogs and advertisements. 
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l(K2):281-292, 1986. 
Ze Iters ten A: Authoring systems - the key 

to future expansion in CAI. System 

13(2):133-136, 1985. 
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analog-to-digital conversion, lZ'89-93 
anatomical science, 9:65*67 
Apple PILOT. 5:38 

Apple ][, IBM-PC p rogr am conversion, 

7:49-52 
Applesoft BASIC, 7:50-51 
artificial intelligence, 3: 1 9-22 

information sources, 3:22 
Aucone M, 8:59-62 
AzbeUJW, 3:27-30 

BASIC, transferring programs, 7:49-52 

BASICA, 7:50-51 

Inology, 

mioDOon^uter laboratory for, 9:67-68 
simulated experiments in, 8:57-59 
Blanchaer MQ 4:25-27, 5:36-39 
Bulletin Board, 1:6, 430-31, 10:79 
Bushby PA, 533-36 

clinical case mtorials, microcomputer led, 
4:25-27 

clinical medicine, using computer aided 
instniction for, 8:59-62 

Collins MAJ, 10:76-79 

computer-assisted instruction, 
for anatomical science education, 9:65-67 
in clinical medicine teaching, 8:59-62 



in family practice curriculum, 3:17-19 
computer-assisted learning langi^ages, 

5:36-39 
Cooper EH, 8:57-59 

Debuggy, smart tutor program, 3:20-21 
differential diagnosis process, computer 

program for teadiing, 7:52-55 
digital-to-analog conversion, 1Z'91 
Directory, CLSE Part 1, 11:81-87 
direa memory access, 1Z*92 

EckbladJW, 7:49-52 

education, 
anatomical science* 9:65-67 
basic science, 4:25-27 
continuing medical, 4:27-30 
grade analysis software, 8:63 
test generator software, 8:63 
veterinary medical, 5:33-36 

family practice, 3:17-19 
function generators, use in simulations, 
6:4445 

genetics, simulation* 8:58-59 

HalseyE. 3:12-15 



IBM-PC, Apple )[ program conversion, 
7:49-52 

infoimation systems, 5:33-36 

interactive video, 
approach to program development, 2:9-12 
conversion of videot^^ 4:27-30 
signal processing, Z*12-15 

JANUS, interface between laboratory and 

lecture, 9:67-68 
Jones ME. 8:59-62 

Keqnng Abreast of the Literature, 3:22-23, 
6:4647, 9:70-71, 11-93-94 

laboratory/lecture interface, 9:67-68 

Macias JD, 7:52-55 
MacPILOT, 5:38-39 
MafflyRH, 7:52-55 
Mann JW, 8:59-62 

Mastery oriented teaching unit, 9:66-67 
MENTOR, program to teach differential 

diagnosis process, 7:52-55 
Michael JA, 3:19-22. 10:73-76 
microlnology, simulated laboratory in. 
8:57-59 

nticrocon^mter center, 10:76-79 
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microcompuiex laboratory, 9:67-68 
ModcO HI, 1:1-5. 6:4145, 10:73-76 
Moore JF. 2:9-12 
Murphy BJ. 9:65-67 

NRCLSE, 1:1-5 

NRCLSE Questioraiairc, 1:7 

Olivo RF, 12:89-93 

PC/PILOT. 5:38 
PILOT, 5:36-39, 7:55 
sources of infonnation, 5:39 

simulations. 



Bfpronchts for teaching, 6:4145 
qjproaches in designing, 10:74 
as a sulstitute ior labs, 8:59 
biology experiments, 8:57-59 
cardiovascular system. 8:62-63 
design issues, 10:73-76 
pediatric patient, 8:63 
I^ysiology, 8:62-63 
respiratory system, 1:4 

smart tutors. 3:19-22 

software, sources of, 8:62-63 

Sof^e, smart tutor, 3:21 

Sprague RM, 9:69-70 

Stevens FC, 4:25-27 

Super PILOT, 5:38 



TroncaleJA, 3:17-19 

tutorials, in basic science education, 4:25-27 

video signals & devices, 2:12-15 

composite signals, 2:14-15 

RGB signals, 2:15 
videocamera, with interactive videotape, 

4:29 
videot^, 

conversion, 4:27-30 

use with interactive video, 2:9-12 

Woods JW, 7:55 
Wooley-McKay D, 9:67-68 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of communi- 
cation among life science educators who anticipate or are currently employing the 
computer as an educational tool. The range of content includes, but is not limited to, 
articles focusing on computer applications and their underlying philosophy, reports 
on faculty/student experiences with computers in teaching environments, and soft- 
ware/hardware reviews in both basic science and clinical education settings. 



XNVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited 

for possible publication in the newsletter. 

PREPARATION AND SUB^fISSION OF MATERIAL 

Articles submitted for publication sliould not exceed 2000 words and should be 
typewritten, double spaced, with wide margins. The original and two copies including 
two sets of figures and tables should be sent to the Ediio»^ Dr. Harold Modell, 
NRCLSE, Mail Stop RC-70, University of Washington, Seattle, WA 98195. 

Title page should include fuU title, list of authors, academic or professional 
affiliations, and complete address and phone number of the conespoiKling autfior. 

Illustrations should be submitted as original drawings in India ink or shaip, high contrast 
reproductions. The lettering should be such that it can be legible after reduction (width of 
one column -5.1 cm). High contrast computer o^puts are accq>table. 

Reference style and fonn should follow the ''nimiber system with references 
alphabetized" described in the Council of Biology Editors Style Manual. References 
should be listed in aif^abetical order by the first author's last name, numbered 
consecutively, arxi cited m the text by these numbers. 



RESPONSKIUTY AND COPYRIGIfT 

Authors are responsible for accuracy of statements and opinions expressed in articles. 
All authors submitting manuscripts will be sent a copyright transfer form to 
complete. The completed form must be returned before die work will be published 



SUBSCRIPTION INFORMATION Computers in Life Science Education is published monthly by National Resource for 

Computers in Life Science Education, Mail Stop RC-70, University of Washington, 
Seaule, WA 98195. Subscription rate is $30.00 for 12 issues, including postage and 
handling in the United States and Canada. Add $20.00 for postage (airmau) in 
Mexico and Europe aixl $23.00 for the rest of the world 

This newsletter has been registered with the Copyright Clearance Center, Inc. Con- 
sent is given for copying of articles for personal or mtcmal use, or for the personal 
or internal use of specific clients. This consent is given on the condition that the 
copier pay through the Center the per-copy fee stated in the cede on the first page 
for copying beyond that permitted by the US Copyright Law. If tk> code appesis on 
an article, the author lub not given broad consent to copy and permission to copy 
must be obtained directly from die autfior. This consent does not extend to other 
kinds of copying, such as for general distribution, resale, advertising and promotional 
puqx>ses, or for creating new collective wo^. 



Address orders, changes of address, and claims for missing issues to NRCLSE, Mail 
Stop RC-70, Ifaiveniiy of Washington, Seattle, WA 98195. Qaims for missing 
issues can be honored only up to three months for domestic addresses and six rnonths 
for foreign addresses. Duplicate copies will not be sent to Ttphce onrs imdelivered 
due to failure to notLV NRCLSE of change of address. 



Address editorial correspondence to Harold L Modell. PhD, NRCLSE, Mail Stop RC> 
70, University of Washington, Seattle, WA 98195. (BITNET MODELL@UWALOCKE) 

POSTMASTER: Send address changes to Computers in L^e Science Education, 
NRCLSE, MaU Stop RC.70, University of Washington, Seattle, WA 98195. 
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CLSE COLLEAGUE DIRECTORY 
- PART n 



The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultiva^-^ 
collaborative efforts among life science 
faculty interested in using the computer 
as a teaching tool. One of the first 
steps toward achieving diis goal was 
publication of a questionnaire in the 
January, 1986 issue of CLSF. This 
issue was distributed by mail to nearly 
2700 academic departments making up 
the life science community in the U.S. 
and Canada, and it was distributed at 
several national meetings of groups 
within the life science community. 

NRCLSE received over 350 completed 
questionnaires. Approximately 160 
respondents indicated that they have 
been using computers in their teaching 
efforts for over 3 years. Approximately 



130 have had between 1 and 3 years 
experience. The listings below repre- 
sent Part II of a directory that was 
drawn from respondents to the question- 
naire. It is intended to help CLSE 
readers identify colleagues with com- 
mon interest areas. It is arranged by the 
content areas identified in response to 
the question, "What content areas do 
you teach?" As a result, entries may 
appear under more than one heading. 
Although every attempt has been made 
to ensure that the information is current 
and correct, it is likely that some errors 
appear in this list NRCLSE 2q)olo- 
gizes in advance for any inconveniences 
that may arise due to such oversights. 
Part I of the directory was printed in the 
November, 1986 issue of CLSE. The 
final listings will appear next month. 



REMINDER - TIME TO RENEW 

VOLUME 4 SUBSCRIPTION INFORMATION 
MAY BE FOUND ON PAGE 8 
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GASTROENTEROLOGY 

BARDE, CHROOPHER J 
GIUNTT.VAMEDCTR 
4100WTHIRDST 
DAYTON, OH 45428 
(S13)2S8^11 

GENETICS 

ASmX)H GEOFFREY C 
DEPT OF GENETICS 
UNIVOFHAWAn 
I960 EAST- WEST ROAD 
HONOLULU, HI 96822 
(808) 948>8SS2 

BELLMER, SISTER ELEZA- 

BCTHH 
TRINITY COLLEGE 
WASHINGTON. DC 20017 
(202)939-5190 

BERNSTEIN. MAURICE H 
DEPT OF ANAT A CELL BIOL 
WAYNE STATE UNIV SCHOOL 

OF MEDICINE 
DETROIT. MI 48201 
(313) 577-1029 

BLACK. JCCB 
DEPTOFBKXOGY 
LOUISIANA COLLEGE 
LOUISIANA COLLEGE 

STATION 
PINEVILLE,yj^ 71359 
(318) 487-7611 

BOYNTON. DR JOHN E 
ST JOSEPH'S COLLEGE 
155 ROE BLVD 
PATCHOGUE. NY 11772 
(516) 654-3200 

CAMERON. DAVID G 
DEPT OF BIOLOGY 
MONTANA STATE UMV 
BOZEMAN.MT 59717 
(406)994-2670 

CARICO. JAMES E 
DEPTOFBICX/XjY 
LYNCHBURG COLLEGE 
LYNCHBURG, VA 24501 
(804) 522.8366 

CORBEm ROBERT R 
DEPT OF MATHEMATICS & 

coMPur sa 

UNIV OF SAN DIEGO 
SAN DIEGO. CA 921 10 
(619) 2604600 EXl 4459 

DAVIS. THOMAS M 
DEPT OF PLANT SCIENCE/ 

GENETICS 
UNIV OFNEW HAMPSHIRE 
DURHAM, NH 03824-3597 
(603) 862^3217 

DICKINSON. WINIFRED 
DEPT OF BIOLOGY 
UNIV OF STEUBENVEXE 
STEUBENVnJi-, OH 43952 
(614) 283-3771 

DOYLE. JAMES 
DEPT OF BIOLOGY 
AQUINAS COLLEGE 
GRAND RAPIDS. MI 49506 
(616)459-8281 EXT 387 



FREED. DR JAMES M 
DEPT OF ZOOLOGY 
OHIO WESLEYAN UNIV 
DELAWARE. OH 43015 
(614)369-4431 EXT 400 

G(»(MAN.MARK 
BALDWIN-WALLACE 

COLLEGE 
LIFE SCIENCE BLDG 
BEREA. OH 44017 
(216) 826-2217 

GRANT, WILLIAM F 
GENETICS LABORATORY 
P.O. BOX 4000 
MACDONALD CAMPUS 
MoGILLUNIV 
STE ANNE DE BELLEVUE 
QUEBEC H9X ICO 
CANADA 

HEDMAN. STEPHEN C 
DEPT OF BIOLOGY 
221 LIFE sa BLDG 
UNIV OF MINNESOTA 
2400 OAKLAND AVE 
DULUTTiMN 55812 
(218)726-8122 

JOHNSON. DAVID W 
DEPT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD. MN 56560 
(218)299-3085 

JOHNSON. IVAN M 
DEPT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD. MN 56560 
(218) 299-3085 

KRAUSE.DRfcUOr 
DEPTOFBICHX)GY 
SETON HALL UNIV 
SOUTH ORANGE, NJ 07079 
(201)761-9532 

LA BAR, MARTIN 
CE^irRAL WESLEYAN 
COLLEGE 
CENTRAL, SC 29630 
(803) 639-2453 

NICKLA. HARRY 
DEPT OF BIOLOGY 
CREIGHTONUNIV 
OMAHA, NE 68178 
(402)280-?S11 

PIPERBERG,JOELB 
DEPT OF BIOLOGY 
SIMMONS COLLEGE 
300 THE FENWAY 
BOSTON, MA 021 15 
(617)738-2196 

SEAGER. BOB 

DEPT OF BIOLOGY 

UNIV OF NORTHERN IOWA 

CEDAR FALLS. lA 50614 

(319)273-2670 

SILAH, M I 

DEPT OF SCIENCE & 

MATHEMATICS 
RUSTCOIXEGE 
HOLLY SPRINGS, MS 38635 
(601) 252^1 



SKAVARIL, DR RUSSEIX V 
DEPT OF GENETICS 
OHIO STATE UNIV 
COLUMBUS. CW 43210 
(614)422-1310 

STANSFIELD. WILUAM 
DEPTOFBICt SCIENCE 
CAL PCa^YTECH STATE U^NIV 
SAN LUIS OBISPO. CA 93407 
(805)546-2875 

STONE, LARRIE E 
DANA COLLEGE 
BLAIR, NE 68008 
(402)426^101 EXT 229 

TAUB, STEPHAN R 
DEPTOFBIOLOGV 
GEORGE MASON UNIV 
FAIRFAX, VA 22030 
C703) 323-2181 

VAN AMBURG. GERALD L 
DEPT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHEAD, MN 56560 
(218)299-3085 

VERCH. RICHARD 
DEPT OF BIOLOGY 
NORTHLAND COLLEGE 
ASHLAND. WI 54806 
C715) 682-4531 EXT 335 

WALKER, RiaiARD 
STERLING COLLEGE 
STERLING, KS 67579 
(316)278-2173 

WILHELM, DALUS 
DEPT or BIOLOGY 
HASTINGS COLLEGE 
HASTINGS, NE 68901 
(402) 463-2402 EXT 264 

WOLF, THOMAS M 
DEPT OF BIOLOGY 
WASHBURN UNIV OFTOPEKA 
1700 COLLEGE AVE 
TOPEKA. KS 66621 
(913)295 ^768 

HEMATOLOGY 

GRAiTY, DAVID V 
DEPT OF BIOL SCIENCES 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2883 

KEETE, J RICHARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE U 
CLEVELAND. OH 44106 
CJ6) 368-2656 

inSTOLOCY 
ADAMS. DON 

DEPT OF VETERINARY ANAT 
IOWA STATE UNTV 
AMES. lA 50011 
(515)294-7710 

BERNSTEIN. MAURICE H 
DEPT OF ANAT & CELL BIOL 
WAYNE STATE UNTV SQIOOL 

OF MED^riNE 
DETROrr. MI 48201 
(313) 577-1029 



BLACK. JOE B 
DEPT OF BIOLOGY 
LOUISIANA COLLEGE 
LOUISIANA COLLEGE 

STATION 
PINEVILLE. LA 71359 
(318)487-7611 

HAKIM. RA2TEL S 
DEPT OF ANATOMY 
COLLEGE OF MEDICINE 
HOWARD UNTV 
WASHINGTON. DC 20059 
(202)636-6555 

HARRIS. THOMAS M 
DEPT OF ANATOMY 
MEDICAL COLLEGE OF 
VIRGINIA. BOX 709 
RICHMCWD.VA 23298-0001 
(804)789-9534 

HERRON. MARY A 
BIOMED LEARNING RES CTR 
COLLEGE VET MED 
TEXAS A&M UNIV 
COLLEGE STATION, TX 77843 
(409) 845-1780 

KEETE, J RICHARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE U 
CLEVELAND. OH 44106 
(216) 368-2656 

KESSLER, SISTER IRMA 
DEPT OF BIOLOGY 
COLLEGE OF GT ELIZABETH 
CONVENT STATION, NJ 07961 
(201)539-1600 

MEYERS. PAUL E 
DEPT OF BIOL QIEM & 

STRUCT 
THE CHICAGC .*1EDICAL 

SCHOOL 
3333 GREEN BAY RD NORTH 
CHICAGO 60064 
(312) 5*^8-3000 E)CT 458 

MICKUS. JOHN 
DEPT OF BIOLOGY 
ILLINOIS BENEDICTINE 

COLLEGE 
USLE. EL 60532-0900 
(312) 960- 1500 EXT 509 

PADAWER. JACQUES 
DEPT OF ANAT & STRUCT 

BIOLOGY 
ALBERT EINSTEIN COLLEGE 

OF MEDICINE 
BRONX. NY 1W61 
(212)430-3057 

PAULSEN. DOUGIJVS F 
DEPT OF ANATOMY 
MOREHOUSE SQIOOL OF 

MEDICINE 
720 WESTVIEW DR SW 
ATLANTA. GA 30310 
(404)752-1559 

VOORHEES. FRANK RAY 
DEPT OF BIOLOGY 
CENTRAL MISSOURI STATC 

UNIV. WCM 306 
WARRENSBURG. MO 64093 
(816)429-4933 



O © 1987 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 0742 3233/86/50 00 + ZOO 

ERIC 

246 



COMPUTERS IN LIFE SCIENCE EDUCATION. VOLUME 4. NI TMBER 1. JAN JARY 1987 



3 



WnXISTON, JOHN S 

DEPT OF BIOLOGY 

SAN FR/ NQSCO STATE UNIV 

1600HOiXOWAY AVE 

SAN FKANQSCO, CA 94132 

(415)584-5319 

IMMUNOLOGY 

ALBRirrCW, WILLIAM L 
DEPT OF MICROBIOLOGY 
UNIV OF SASKATCHEWAN 
SASKATOON, SK S7N OWO 
CANADA 
(306^ '>66-4306 

BAUR» JOHNM 
DBF : OF BIOLOGY 
BRESCIA COLLEGE 
120 WEST SEVENTH ST 
OWENSBORO. KY 42301 
(502)685-3131 EXT 276 

CREUrZ, CHARLES 
DEPT or BIOLOGY 
UNIV OF TOLEDO 
2801 W BANCROFT ST 
TOLEDO. OH 43606 
(419) 5374159 

HALULEO 

FHDJJPSUNIV 

BOX 2000 UNIV STATION 

ENID, OK 73702 

(405) 237-4433 EXT 398 

UV BAR, MARTIN 
CENTRAL WESLEYAN 

COLLEGE 
CENTRAL, SC 29630 
V803) 639-2453 

SPrfZNA<3EL, DR JOHN K 
DEPT OF MICROBIOLOGY & 

IMMUNOLOGY 
EMORY UNIV SCHOOL OF 

MEDICINE 
502 WOODRUFF MEM BLDG 
ATLANTA, GA 30322 
(404) 727-5947 

STANSFIELD, WILUAM 
DET; of BIOLOGICAL 

SCTIENCE 
CAL POLYTECH STATE UNTV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2875 

VOORHEES. FRANK RAY 
DEPT OF BIOLOGY 
CENTRAL MISSOURI STATE 

UNIV 
WCM 306 

WARRENSBURG, MO 64093 
(816)4294933 

WOLF. THOMAS M 
DEPT OF BIOLOGY 
WASHBURN UNIV OF T^PEKA 
1700 COLLECjE AVE 
TOPEKA.KS 66621 
(913)295-6768 

INSTRUCTIONAL DESIGN 
HEESTANT. DIANE 
LEARNING RESOURCES 
MERCER SCHOOL OF 

MEDiaNR 
MACON, GA 31207 
(912) 7444026 



INTERNAL MEDICINE 
BETESH, DR JOEL 
LAWRcNCE PARK MEDICAL 

OFFICE 
2000SPROUL ROAD 
BROOMALL,PA 19^X)8 
(215) 359-1355 

TALLEY, ROBERT C 
UNIV OF SOUTH DAKOTA 
2501 W 22ND ST 
SIOUX FALLS, SD 57101 
(605) 339-6790 

WAIVERS, LEO E 
UNTVERSTTY HOSPITAL 
NEW JERSEY MEDICAL 
SCHOOL 
1(X) BERGEN ST 
r >0M 1-247 
NEWARK. NJ 07103 
(201)456^7 

LIMNOLOGY 

WHALLS, MARVIN J 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805)546-1357 

uvEsrrocK production 

OLTJEN,J^ 

DEPT OF ANIMAL SOENf c 
OKLAHOMA STATE UNIV 
STILLWATER, OK 74078 
(405)624.6070 

MARINE SCIENCE 

BOYNTCW, DR JOHN E 
ST JOSEPHS COLLEGE 
155 ROE BLVD 
PATCHOGUE, NY 11772 
(516)654-3200 

FOR'mER. ROSANNE 
OlflO STATE UNIV 
SaiOOL OF NATURAL 

RESOURCES 
2021 COFFEY ROAD 
COLUMBUS, OH 43210 
(614)422-2265 

SINGUETARY, ROBERT L 
DEPT OF BIOLOGY 
UNIV OF BRIDGEPORT 
BRIDGEPORT. CT 06601 
(203) 5764265 

MEDICAL TECHNOLOGY/ ASST 
GRADY, DAVID V 
DEPT OF BIOLOGICAL 

SCIENCES 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) S 2883 

KUW^S, JUDY C 
DEPT OF BIOLOGY 
FRAMINGHAM STATE 

COLLEGE 
BOX 2000 

FRAMINGHAM, MA 01701 
(617) 620-1220 EXT 459 

ZETITER, SHIRLEY 
DAVENPORT COLLEGE 
415 EAI,T FULTON 
GRAND RAPIDS, MI 49503 
(616)451-3511 



MICROANATOMY 
FEEBACK, DANIEL 
DEPT OF ANATOMICAL SQ 
UNIVOKLA HEALTH SQ CTR 
PO BOX 26901 BMSB540 
OKLAHOMA CTTY, OK 73190 
(405)271-2377 

MICROBIOLOGY 

ALBRTFTCW, WILUAM L 
DEPT OF MICROBIOLOGY 
UNTV OF SASKATCHEWAN 
SASKATOON, SK S7N OWO 
CANADA 
(306)96M306 

BAUR, JOHNM 
DEPT OF BIOLOGY 
BRESCIA COLLEGE 
OWENSBORO. KY 42301 
(502) 685 j1 31 EXT 276 

CALDWELUDOUG 
DEPTS OF APKJED MICRO- 
BIOLOGY & FOOD SCIENCE 
UNIV OF SASKATCHEWAN 
SASKATOON, SK S7N OWO 
CAMADA 
(306)966-5026 

DILLEHAY, DRJANE 
DEPT OF BIOLOGY 
GALLAUDET COLLEGE 
WASMNCjTCHV DC 20002 
(202) 651-5531 

DOYLE, JAMES 
DEPT OF BIOLOGY 
AQUIN COLLEGE 
GRAND RAPIDS. MI 49506 
(616) 450-8281 EXT 387 

QSENSTARK.A 
DEPT OF BIOL SCIENCE 
UNIV OF MISSOURI AT 
COIil^DIA 
COLUMBIA, MO 65211 
(314) 882-7098 

ELDER, m BETTY 
DEPT OF BICaX>GY 
GEORGIA SOUniWESTERN 
COLLEGE 
AMERICUS. ^A 31709 
(912) 928-11.0 

GIBSON, UNDA 
DEPT OF BIOLOGY 
EASTERN WASH UNIV 
aiENEY. WA 99004 
(509) 359-2845 

GRADY, DAVID V 
DEPT OF BIOL SCIENCES 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2883 

HAIX, LEO 

PHILLIPS UNIV 

BOX 2000 UNIV STATION 

ENID, OK 73702 

(405' '»'»74433EX 398 

IMMBROOK, y^RGARET E 
DEPT OF BIOL SQENCES 
UNTV OF NORTHERN COLO 
GREELEY, CO 80639 
(303) 351-2644 



HCMX}SON, DR LYNN M 
NORTHERN STATE COU^GE 
BOX 673 

ABERDEEN, SD 57401 
(605) 222-2432 

KLAAS, JUDYC 
DEPT OF BIOLOGY 
FRAMDSjHAM STATE 
COLLEC^E 
BOX 2000 

FRAMINGHAM, MA 01701 
(617) 620-1220 EXT 459 

KRUSE,ANNAC 
CABRINI COLLEGE 
RAWOR.PA 19087 
(215)687-2100 

NIERUQL DONALD P 
DEPT OF MICROBIOLOGY 
UCLA 

LIFE SCIENCES 5304 
LOS ANGELES, CA 90024 
(213) 825-6720 

PARKER, CHARLOniE D 
DEPT OF MICROBIOLOGY 
SCHOOL OF MEDICINE 
UNIV OF MISSOURI M264 
COLUMBIA, MO 65212 
(314) 882-8152 

PRESCOTF, LANSING M 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
29TH AND S SUMMTT 
SIOUX FALLS, SD 57197 
(605) 3364719 

REDD, MRS THOMASINA 
DEPT OF NATURAL SQENCE 
ALDERSON-BROADDUS 

COILEGE 
BOX 517 

PmUPPr,WV 26416 
(304)457-1700 EXT 243 

SABOSKI, ELEANOR M 
NEW ENG: and COLLEGE 
HENNIKER,NH 03242 
(603) 428-2374 

SINNAMON, WALT 
CENTRAL WESLEYAN 
COLLEGE 
BOX 443 

CENTRAL, SC 29630 
(803) 639-24i3EXT 356 

SOBIESKI, ROD 
DEPT OF BIOLOGY 
EMPORIA STATE UNIV 
1200 COMMERCIAL 
EMPORIA. KS 66801 
(316) 343-1200 EXT 5620 

SOTTNEK, HENRY M 
DEPT OF MEDICAL 
TECHNOLOGY 
GEORGIA STATE UNIV 
ATLA^'TA, GA 30303 
(404) 658-3034 

SPENCE, LESLIE 

18 INEZ COURT 

WILLOWDALE, ONT M2M 1C2 

CANADA 

(416)595-3079 
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SPOTNAGEU DR JOHN K 
DEPT OF MICROBIOUXjY Sl 

IMMUNOLOGY 
EMORY UNIV SaiOOL OF 

MEDICINE 
502 WOODRUFF MEM BLDG 
ATLANTA. GA 30322 
(404)727-5947 

STONE. LARR;H E 
DANA COLLEGE 
BLAIR. NE 68008 
(402)426-4101 EXT 229 



stratton. lewis P 

DEPT OF BIOLCKT. 

furmanunp/ 

GREENVILLE.se 2961? 
(803) 294-3249 

WALKER, RICHARD 
STERLING COLLEGE 
STERLING. KS 67579 
(316) 278-2173 

WILHELM, DALLAS 
DEPT OF BIOLOGY 
HASTINGS COLLEGE 
HASTINGS, NE 68901 
(40) 463-2402 EXT264 

MODELING 

WATROUS, JAMES 
DEPT OF BIOLOGY 
ST JOSEPH'S UNIV 
PHILADELPHU. PA 19131 

(215) 879-7342 

MOLECULAR BIOLOGY 
BERGQUIST, BART 
DEPT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS, lA ^0614 
(319) 273-2723 

BOND. CLIFFORD 
DEPT OF MICROBIOLOGY 
MONTANA STATE UNIV 
BOZEMAN.MT 59717 
(406)994-4130 

DILLEHAY.DRJANE 
DEPT OF BIOLOGY 
GALLAUDFT COLLEGE 
800 FLORIDA AVENE 
WASHINGTON, DC 20002 
(202)651-5531 

GORMAN. MARK 
BALDWIN-WALLACE COLLEGE 
LIFE SCIENCE BLDG 
BEREA, OH 44017 

(216) 826-2217 

KLEINSMnULEWISJ 
DEPT OF BIOLOGY 
UNIV OF MICHIGAN 
2056 NATURAL SCIENCE 
ANN ARBOR, MI 48109-1(M8 
(313)763-3290 

PRESCOTT. LANSING M 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
29TO AND S SUMMIT 
SIOUX FAILS. SD57./7 
(605) 3364719 



REDD. MRS THOMASINA 
DEPT OF NATURAL SCIENCE 
ALDER SON-BROADDUS 
COLLEGE 
BOX 517 

PHIUPPI.WV 26416 
(304) 457-1700 EXT 243 

WOLF. THOMAS M 
DEPT OF BIC^XMjY 
WASHBURN UNIV OFTOPEKA 
1700 COLLEGE AV 
TOPEKA, KS 66621 
(913)295-6768 

MO' ECULAR GENETICS 
HALL, LEO 
PHILUPSUNIV 
BOX 2000 UNIV STATION 
ENID. OK 73702 
(405) 237-4433 EXT 398 

NIERUCH. DONALD P 
DEPT OF MICROBIOLOGY 
UCLA 

UFE SCIENCES 5304 
LOS ANGELES, CA 90024 
(213)825-6720 



NATURAL HISTORY 
GAMBS, ROGER 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2551 

NEUROANATOMY 
MEYERS, PAUL E 
DEPT OFBIOLCHEM& 

STRUCTURE 
THE CHICAGO MEDICAL 

SCHOOL 
3333 GREEN BAY RD NORTH 
CHICAGO. IL 60064 
(312) 578-3000 EXT 458 



NEUROBIOLOGY/NEUROSCIENCE 
BUCHHOLZ.ROBER*I'H 
DEPT OF BIOLOGY 
MONMOUTH COLLEGE 
M^'rVMOUTH.IL 61462 
(309) 457-2350 

NEAFSEY. E J 
DEPT OF ANATOMY 
LOYOU UNIV MED CTR 
MAYWOOD.il 601 53 
(312)531-3355 

RALSTON. H J 
DEPT OF ANATOMY S-1334 
UNIV CA SAN FRANQSCO 
SAN FRANaSCO, CA 94143 
(415) 476-1861 

STOUT, JOHN 

DEPT OF BIOLOGY 

ANDREWS UNIV 

BERRIEN SPRINGS, MI 49104 

(616)471-3243 

YORK, DR DONALD H 
DEPT OF PHYSIOLOGY 
UNIV OF MISSOURI 
MA415 MEDICAL SQ BLDG 
COLUMBIA. MO 65212 
C>«4) 882-7168 



NURSING 

ABBATE. JUDITH 
COLLEGE OF NURSING 
UNIV OF RHODE ISLAND 
KINGSTON. RI 02881 
(401 ; /*?2-2766 

BENEDICT. . SUSAN 
209 MOUNTAIN RIDGE DRIVE 
HUNTSVILLE. AL 35801 
(205; 536-7101 

BUDIN. WENDY 
COLLEGE NURSING 
SETON HALL UNIV 
SOUTH OPj\.VGE, NJ 07079 
(201)761-9299 

CLAUS, SACHIKO K 
DEPT OF NURSING 
SAGINAW VALLEY STATE 
COLLEGE 
UNIVERSITY CTR, MI 48710 
(517) 790-4129 

DREHER, MARY ANN 
25034 SHEFFIELD ROAD 
GLEN ELLYN.IL 60137 

GARDINER. MARY 

RED DEER COLLEGE 

RED DEER. ALBERTA T5N 5H5 

CANADA 

(403) 342-3362 

GROBE, S J 
SCHOOL OF NURSING 
UMV OF TEXAS 
AUSTIN. TX 78701 
(512)471-7311 

HASKIN, DOUGLAS E 
SCHOOL OF NURSING 
UNTV TEXAS MEDICAL 

BRANCH R49 
GALVESTON, TX 77550 
(409)761-1577 

HODSON, KAY E 
SCHOOL OF NURSING CN355 
BALL STATE UNIV 
MUNCIE, IN 47306 
(317) 285-5583 

KRISTENSEN, KAREN 
TRI-COLLEGE UNIV OF NURS 
NORTH DAKOTA STATE L'NIV 
FARGO. ND 58105 
C701) 237-8170 

KUREN, KATHERINE 
COLLEGE OF NURSING 
SETON HALL UNIV 
SOUTH ORANGE, NJ 07079 
(201)761-9303 



UBEY. TERRY 

DEPT OF HEALTH CAREERS 

LANSING COMMUNTTY 

COLLEGE 
419 N CAPITOL AVE 
LANSING. MI 48901 -7211 

LOUIS. MARGARET 

DEPT OF NURSING 

UNIV OF NEVADA. US VEGAS 

US VEGAS. NV 89154 



MIK.\N. KATHLEEN 
SCHOOL OF NURSING 
UNIV ALABAMA AT 

BIRMING!iAM 
BIR!*ir<GHAM.AL 35294 
(205) 9:4^37 

MURRAY. LALTUER 
COLLEGE OF NURSING 
UNIV OF RHODE ISLAND 
KINGSTON. RI 02881-0814 
(401) 792-2766 

RONALD. DR JUDITH 
SCHOOL OF NURSING 
SUNY AT BUFFALO 
BUFFALO. NY 14214 
C716) 831-3045 

SCHARF, MARY ANN 
COLLEGE OF NURSING 
SETCW HALL UNIV 
SOUTH ORANGE. NJ 07079 
(201)761-9293 

SINCUm. VAUGHN G 
VANDERBILT UNIV SQIOOL 

OF NURSING 
NASHVILLE, TN 37235 
(615) 322-2813 

SKIBA. DIANE 
23 HOLMES ST 
DEDHAM, MA 02026 
(617)461-0276 

THEDE, LINDA Q 
36203 DERBY DOWNS 
SOLON, OH 441 39 
ai 6) 248-3537 



WHITE. JOYCE E 
UNIVOFPriTSBURGH 
426 VICTORIA BLDG 
PTTTSBUKGH, PA 15261 
(412)624-3835 

NUTRITION 

DICKINS W WINIFRED 
DEPT OF BIOLOGY 
UNIV OF STEUBENVILLE 
STEUBENVnXE, OH 43952 
(614)283-3771 

HARROLD, ROBERT 

DEPT OF ANIM & RANGE SCI 

NORTH DAKOTA STATE UMV 

FARGO. ND 58105 

C701) 237-7659 

HESTON. W M 

CTR FOR NATURAL SCIENCES 
NEW YORK INST TECH 
OLD WESTBURY, NY 1 1568 
(516) 686-7665 

HU. CHING YUAN 
DEPT OF ANIMAL SdENCE 
OREGON STATE UNIV 
CORVALUS, OR 97331 
(503) 754^761 

OLTJEN.JW 

DEPT OF ANIMAL SCIENCK 
OKLAHOMA STATE UNIV 
STILLWATER. OK 74078 
(405) 624-6670 
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SaiNEIWEISS, JEANNETTE W 
DEPT OF BIOLOGY 
HOFSTKAIWIV 
HEMPSTEAD, NY 11550 
(516) 560-5521 

SHORT. SARAH H 
SYRACUSE UNIV 
112SLj0CUMHALL 
SYRACUSE, NY 13244-1250 

(315) 423-2386 

WAGNER, MARTIN J 
DEPT OFBIOCHEMISTOY 
BAYU>R COLLEGE OF 

DENTISTRY 
DALLAS, TX 75246 
(214) 828-$261 

ORAL HISTOLOGY 
FEEBACK, DANIEL 
DEPT OF AN AT SCIENCE 
UNIV OF OKLAHOMA HEALTH 

SCIENCE CENTER 
PC BOX 26901 BMSBr40 
OKLAHOMA CITY, OK 73190 
(405) 271-2377 

ORAL PATHOLOGY 
ABBEY, LOUIS M 
DEPT OF ORAL PATHOLCXJY 
VIRGINIA COMMCNWEALTH 
UNIV 

BOX 566 MCV STATION 
RICHMO^©. VA 23298 
(804) 78641547 

FINKELSTEIN, MICHAEL 
DEFT OF ORAL PATHOLOGY 
COLLEGE OF DENHSTOY 
UNIV OF IOWA 
IOWA Cmr. lA 52242 
(319) 353-7370 

ORNmiOLOGY 
CYR. ANDRE 
DEPT OF BIOLOGY 
UNIV OF SHERBROOKE 
SHERBROOKE. (QUEBEC 
CANADA J1K2R1 
(819) 821-7074 

PARRISH,DR JOHN 
DEPT OFBIOUXjY 
EMPORU STATE UNIV 
EMPORIA, KS 66801 

(316) 343-1200 

VERCH, RICHARD 
DEPT OFBIOUXjY 
NORTHLAND COLLEGE 
ASHLAND, WI 54806 
(715) 6824531 EXT 335 

PARAsrroLO<;Y 

BAUR, JOIINM 
DEPi* C? BIOLOGY 
BRESOA COLLEGE 
OWENSBORO, KY 42301 
(502)685-3131 EXT 276 

PATHOLOGY 

FEEBACK, DANIEL 
DEPT OF AN AT SCIENCE 
U^;IV OF OKLAHOMA HEALTH 

SCIENCE CENTER 
PO BOX 26901 BMSB540 
OKLAHOMA CITY, OK 73190 
(405) 271-2377 



GANDER, GWM 
DEPT OF PATHOLOGY 
MEDICAL COLLEGE OF 

VIRGINIA 
BOX C62 

RICHMOND, VA 23298 

(804) 786-7719 

JOrHY,DR SERGE 

DEPT OF PATHOLOGY 

McGILLUNIV 

3775 UNIVERSITY ST 

MONTREAL, QUEBEC H3A 2B4 

CANADA 

(514)842-123: 

KLAAS, JUDY C 
DEPT OFBIOIXXjY 
FRAMINGHAM STATE 

COLLEGE 
BOX 2000 

FRAMINGHAM, MA 01701 
(617) 620-1220 EXT 459 

LEIGHTON, FREDERICK A 
DEPT OF VETERINARY 

PATHOLOGY 
UNIV OF SASKATCHEWAN 
SASKAT(X)N, SK S7N OWO 
CANADA 
(306)966-7293 

McMANNO, BRUCE 
DEPT OF PATHOLOGY 
UNIV NEBRASKA MED CTR 
42ND& DEWEY AVE 
OMAHA, NE 68105 
(402)559-5192 

PALMER. KENNETH C 
DEPT OF PATHOLOGY 
WAYNE STATE UNIV SCHOOL 

OFMEDiaNE 
540ECANFIELD 
DETROIT, MI 48201 
(313) 577-5152 

YOSHIMURA, MICHAEL A 
DEPT OF BIOL SCIENCE 
CAL POLYTCCH STATE UNIV 
SAN LUIS OBISPO, CA 93407 

(805) 546-2466 

PEDIATRICS 

WINTER, ROBERT J 
CHILDRENS MEMORIAL HOSP 
2300CHILDRENS PLAZA 
CHICAGO, IL 60614 
(31) 380-4196 

PHARMACOLOGY 

BEHEU MARGARET A 
ROUTE 3 BOX 77 
PHIL CAMPBELL, AL 35585 
(205) 993-5331 

CONAHAN, SHAWN T 
DEPT OF PHYSIOLOGY 
LOUISIANA STATE UNTV MED 
CTR 

1901 PERDIDO ST 

NEW ORLEANS, LA 701 12 

(504)582-5783 

GWINN.DRJOHNF 
DEPT OF BIOLOGY 
UNIVOFAKRCW 
AKRON, OH 44325 
(216) 375-7160 



HAGEN, STANLEY VON 
DEPT OF PHAP-MACOIXXJY 
NEW JERSEY MEDICAL 

SaiOOL 
NEWARK, NJ 07103 
(201) 456-4385 

SPYKER, D A 

UNIV OF VIRGINIA SCHCX)L 

OF MEDICINE 
BOX 484 MEDICAL CENTHR 
CHARLOTTESVILLE, VA 22908 



PHYSIOLOGY 

ABRAHAMS, VC 

DEPT OF PHYSIOLOGY 

QUEENS UNIVERSTTY 

KINGST(X^J, (WTARIO K7L 3N6 

CANADA 

(613)547-3022 

AMLANER, CHARLES J Jr 
DEPT OF ZOOLOGY 
UNIV OF ARKANSAS 
FAYETTEVTLLE, AR 72701 

BASHOR, DAVID P 
DEPT OF BIOLOGY 
UNIV N CAROLINA AT 

CHARLOTTE 
CHARLOTTE. NC 28223 
(704) 597^7 

BAUR, JOHN M 
DEPT OF BIOLOGY 
BRESCIA COLLEGE 
120 WEST SEVENTH ST 
OWENSBORO, KY 42301 
(502)685-3131 EXT 276 

BERG, VIRGINIA 
DEPT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS, lA 50614 
(319) 273-2770 

BERGQUIST, BART 
DEPT OF BIOLOGY 
UNIV OF NORTHERN IOWA 
CEDAR FALLS, 50614 
(319) 273-2723 

BORQUEZ. DR RICARDO LEON 
UNTV AUTO GUADALAJARA 
LOMAS DEL VALLE lERA 

SECC 
GUADALAJARA 
MEXICO JAL 1-440 

BROOKE, Dr JOHN D 
NEUROPHYSIOLOGY LAB 
UNIVERSTTY OF GUELPH 
SCHOOL OF HUMAN BIOLOGY 
GUELPH, ONTARIO NIG 2W1 
CANADA 

(519) 8244120 EXT 3416 

BROWN, DAVTD E 
DEPT OF ANIMAL SCIENCE 
UNIV OF NEVADA AT RENO 
RENO, NV 89557-0004 
(702) 784-1629 

BRUMLEVE. STANLEY J 
DEPT OF PHYSIOLOGY 
SCHOOL OF MEDICINE 
UNIV OF NORTH DAKOTA 
GRAND FORKS, ND 58202 
(701) 777-3974 



BUCHHOIZ ROBERT H 
DEPT OF BIOLOGY 
MONMOUTH COLLEGE 
MONMOUTH, IL 61462 
(309) 457-2350 

BURNS, DR THOMAS A 
DEPT OF BIOLOGY & 

MICROBIOLOGY 
NORTHWESTERN STATE UNJ v 
NATCHTTOaiES, LA 71497 

(318) 357-5323 

CAMERON, DAVID G 
DEPT OF BIOLOGY 
MONTANA STATE UNIV 
B0ZEMAN,MT59717 
(406) 994-2670 

CAMPBELL, KENNETH 
VCAPP 

WASHINGTON STATE UNIV 
PULLMAN, WA 99164-6520 
(509) 335-6621 

CAMPBELL, KEVIN P 
DEPT OF PHYSIOL & BIOPIIYS 
UNIV OF IOWA 
IOWA CTTY, LA 52240 

(319) 351-5833 

CHEW, CATHERINE S 
DEPT OF PHYSIOLOGY 
MOREHOUSE SCHOOL OF 

MEDICINE 
ATLANTA, GA 30310-1495 
(404) 752-1692 

CHIEN, DR SHU 

DEPT OF PHYSIOL & BIOPITV^S 

COLUMBIA UNI^' 

630WEST168THST 

NEW YORK, NY 10032 

(212) 305-3686 

CHRISTOFFERSON, JAY P 
DEPT OF BIOLOGY 
CALIFORNIA STATE UNIV AT 

STANISLAUS 
TURLOCK, CA 95380 
(209) 667-3476 

CLARK, FRANaS J 

dept of physiology 

\ jniv of nebraska med cfr 

42nd&dewi:yave 

OMAHA, NE 68105 
(402) 559-6478 

CLARK, JAMES R 

DEPT OF ANIMAL SCIENCE 

TEXAS TECH UMV 

PO BOX 4169 

LUBBOCK, TX 79409-4169 

(806) 742-2469 

COCKERHAM, BILL 
FRESNO PACmc COLLEGE 
1717 S aiESTNUT 
FRESNO, CA 93702 
(209) 453-2045 

CONAHAN, SHAWN T 
DEPT OF PHYSIOLOGY 
LOUISIANA STATE UNIV MED 
CENTER 

1901 PERDIDO ST 

N^A^ ORLEANS, LA 70112 

(504) 58^5783 
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CONSIGNY, P MACKE 


FREED. DR JAMES M 


JENNINGS, MICHAEL L 


McDonald, dr gordon 


DEPTOFPHYSIQUXjY 


DEFT OF ZOOLOGY 


DEFT OF PHYSIOL A BIOPHYS 


DEFT OF nioi rjn V 


MEDICAL COLLEGE OF 


OHIO WESLEYAN UNIV 


UNIV OF IOWA 


McMASTFR UNIV 


PENNSYLVANIA 


DELAWARE. OH 43015 


IOWA CTTY, lA 52242 


1280 MAIN ST WEST 


3300 HENRY AVE 


(614) 369-4431 EXT 400 


(319) 353-4035 


HAMTTTDN 0\JTAI?IO T ftQ /llw 1 


PHILADELPHIA. PA 19129 






CANADA 


(215) 842-7059 


GRAY. F HARRIET 


JOHNSW CLYDE E 


(416) 525-9140 E:<T 4266 




HOLUNS COLLEGE 


DEFT OF BIOL SCIENCES 


CUBINA,JOSEFAM 


BOX 9616 


SOUTHERN UNTVERSITY 


McHALE. PHIUPA 


DEPT OF UFE SCIENCES 


HOLUNS COLLEGE. VA 24020 


BATON ROUGE, LA 70813 


DEPT OF PHYSIOL & BIOPIIVS 

■^O* A riA A ^iV#A^ <^ AJiVyi 111 7 


NEW YC«UC INST OF TECH 


(703) 362-6543 


(504) 771-5210 


COIXEGE OF MEDICTNF 


OLD WESTBURY. NY ' '568 






UNIV OF OKLAHOMA HEAL I li 


(516)686.7622 


GREEN. JONATHAN 


JOHNSON. DAVID W 




DE JONG» ALVIN A 


DEFT OF BIOLOGY 


DEFT OFBKXXXjY 


PO BOX 26901 


RCXSEVELTUNIV 


CONCORDIA COLLEGE 


OKLAHOMA CTTY, OK 73190 


DEFT OF BIOL SCIENCE 


CHICAGO. IL 60605 


MOO^UIEAl), MN 56560 


(405) 271-2226 


CAL POLYTECH STATE UNIV 


(312)341-3676 


(218) 299-3085 


SAN LUIS OBISPO. CA 93407 




MELNYCHUK, MARK S 


(805: 546-2209 


<KXX:H. VAND 


JOHNSON. IVAN M 


I^PT OF BIOL A AUIED 


DICKINSON. PROT C JOm 


DEFT OF SCIENCE & 


DEFT OF BIOLOGY 


HEALTH sriFVCF 


MATHEMATICS 


CO?^ORDIA COLLEGE 


HART ninnvf^niTRf; tpc?v 


DEFT OF MEDICINE 


UNIV OF MINNESOTA 


MOORHEAD. MN 56560 




ST BARTHOLOMEWS HOSP 


MORRIS. MN 56267 


(218)299-3085 


RLOOMSRURG PA 1781? 


MEDICAL COLLEGE 


(612)589-2211 




\i I /) ooy^^i y 


WEST SMTTHFIELD LONDON. 




JOHNSON, WALTER 


ENGLAND EC1A7BE 


GRUENER, RAPHAEL 


NORTHWEST COLLEGE OF 


MICKUS.JOHN 


DICKINSON. WINIFRED 


DEFT OF PHYSIOLOGY 


CHIROPRACnC 


nFPT OF Rinf onv 


UNIV OF MARYLAND AT 


2501 W 841H ST 




DEPTOFBIOLCXjY 


BALTIMORE 


BL(X)MINGrON, MN 55431 




UNIV OF STEUBENVILLE 


BALTIMORE, MD 21 201 


f612) 888-4777 EXT 290 




STEUBENVILLE. OH 43952 


(301)528-2678 




(312)960-1500 EXT 509 


(614) 283-3771 




JONES MlfTTAFI F 


>IGGINS. MAUREEN 


GWINN. DR JOHN F 


DEFT OF ANATOMY & 




DEFT OF BIOLOGY 


HISTOLOGY 


DEPT OF BIOLOGY 


DEFT OF BIOLOGY 


UNIVERSITY OF AKRON 


FUNDERS UNIV OF SO 


CENTRAI MISSOURI ST ATI- 


AUGUSTANA COLLEGE 


AKRON. OH 44325 


AUSTRALIA 


UNIV 


29TH ST AND S SUMMTT 


(216)375-7160 


SCHOOL OF MEDICINE 


WARRENSBURG, MO 64093 


SIOUX FALLS. SD 57197 




BEDFORD PARK. 


ffil61 d90-40H 


(605)33M809 


HAMPTON. JOHN K 


SOUTH AUSTRALIA 5042 


DOBSON.ALAN 


DEFT OF BIOL SCIENCES 


(618) 275-991 1 EXT 4281 


MODEIX, HAROLD 


CAL POLYTECH STATE UNIV 


DEPT OF RADIOIjOGY Rr.70 


DEFT OF PHYSIOLOGY 


SAN LUIS OBISPO, CA 93407 


JOYNER, RONALD W 


UNIV OF WASHINGTCW 


NYS COLLEGE OF VET MED 


(80S) 546-2819 


DEPT OF PHYSIOLOGY 


SEATTLE, WA 98195 


CORNELL UNIV 




UNIV OF IOWA 


riHACA.NY 14853 


HECKENLIVELY. DONALD B 


IOWA CTTY, lA 52242 


MORIARTY, C MICHAEL 


(607) 253-3847 


DEFT OF BIOLOGY 


(319) 353-7024 


DEPT OF PHYSIOL & HIOPIIY^; 

A^A^i A VA ft Al 1 viVA^ UiVl 1 1 1 O 


DOVE. LEWIS 


HILLSDALE COLLEGE 




dill V \jr l^KJJ S\J\OT^J\ l^U'ly I i\ 


HILLSDALE, MI 49242 


KAUCHSTEIN, DENNIS 
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Practicing what you preach is difficult 
in any field, but it is particularly so 
when a teacher is enamored with general 
system theory and a systems aj^roach 
and teaches systems ecology to under- 
graduates who have practical leanings. 

The field of systems ecology is so 
l^oad that there is no agreed upoi defi- 
nition. At least participants tend to 
analyze individuals and populations as 
systems, usually engage in modeling, 
lean toward simulation for description 
and analysis, and lean toward optimiza- 
tion (eg, linear jM-ogramming) either to 



test an hypothesis that nature opti- 
mizes, or to select a strategy for dealing 
with a system that has a large natural 
dimension like a forest, watershed, or 
animal population. 

Th 5 topics arc, simultaneously, basic 
ecology, general systems theory, statis- 
tics, economics, computer usage, and a 
variety of specialized fields such as hy- 
drology, forestry, wildlife management, 
agronomy, and pest control. The enor- 
mous scope is believed to be the scope 
of most modem problems, and so the 
emphasis is on the commonalities 
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found in general systems theory. The 
topics are those of the system compo- 
nents; the resource dimensions of time, 
space, energy, and matter; isomorph- 
ism; flows and cycles; analysis and 
design; multi-dimensionality and 
interactions. 

Teaching about systems ecology with- 
out having access to or using a comput- 
er would be like teaching bacteriology 
without a microscope. This has been 
the case for many years, largely because 
access to the computer and competence 
with it were considerably less and costs 
considerably more than dealing with a 
microscope. Now these relationships 
are chariging because of microcomput- 
ers. It is now possible to teach about 
system inputs, demonstrate them being 
made at a machine keyboard, and show 
their meaning in a simulation (eg, of 
solar radiation to a plant). Process can 
be demonstrated simply as arithmetic 
operations or by building progressively 
up a scale of complexity to animal and 
plant processes (eg, density-dependent 
birth rates) to various optimization algo- 
rithms for selecting forest cutting prac- 
tices. Feedback can be taught by sim- 
ple system error messages, program 
checking and enoc statements, and a va- 
riety of IF-based teanching operations. 
Nowhere is the need for clear, precise 
objectives more clear than in computer 
programming. Objectives, quickly 
changed, allow students to see the need 
for different inputs, different processes, 
and occasionally diffo^t feedback 
operations. 

I have used computer programs in in- 
structiwi since 1964. These have been 
operated on a mainframe, and oojectives 
have been (1) to aid in Ininging comput- 
er use into natural resource manage- 
ment, (2) to improve understanding of 
topics in conventionally-taught wildlife 
management and ecology courses, and 
(3) to encourage use of techniques cmly 
practical with computers. 

Based on student tespcmses, I consid- 
ered this use of the computer to be very 
successful. Howev^, I judge these past 
efforts somewhat less successful than 
current uses of microcomputers UBM- 



PC with colw tenninals). 

In this article I wish to present some 
thoughts about my current use of micro- 
computers. 

In all classes, I start with how to turn 
on the computer. This indicates the 
knowledge level of some people in the 
jiin-rx- or s^ior-level classes, but it 
seems to be changing. Claims about 
advances in computer use in high 
schools, however, seem over-inflated, 
or few of those students are entering my 
classes. I use a test generator and a 
grade-keeping program, but I have not, 
as yet, a .omaied this classroom man- 
agement system. 

The work to date has been to create 
BASICA programs that (1) teach and 
(2) are likely to be useful after gradua- 
tion either for use directly or after slight 
modification. There have been only mi- 
"lor difficulties with these aims. In two 
cases, aids to memorizing long defini- 
tions have required considerable pro- 
gramming and, hopefully, are not likely 
to be used after class. Most other pro- 
grams are likely to be of direct use after 
class. 

PROGRAM OVERVIEW 
I use a annputer menu with the follow- 
ing major groups of topics on two disk- 
ettes called WildlifeOl and Wildlife02: 

1) Animal Populations 

2) Abiotic Factors 

3) Time 

4) Space and Habitat 

5) Math and Statistics 

6) Cybernetics (Management) 

7) Variety 

8) Ponas and Stream 

9) Overview and Utilities 
10) Social Engineering 

Tables 1 and 2 show the menu for the 
programs in Group 3 and 4 on Tune 
and on Space and Habitat 

After selecting a topic group, sttidents 
are presented with sev^ screens of in- 
formation about programs (files) within 
each numbered topic. They enter a num- 
bo^, and a file is loaded Currently there 
are 70 prog^Bsns on the 2 disks. Others 



are being developed to support a wild- 
life management textbook by Shaw^ as 
well as two texts currently in prepara- 
tion. The diskettes are self-instructive, 
and no manuals or written documents 
are prepared. AnAUTOEXEC.BAT 
file starts the instructions <ui soon as 
the system is booted up. 

Each program is a subsystem and a 
building unit of a larger system. For 
example, one program estimates a sex 
ratio of a population from observed ani- 
mals. Another program then computes 
hunting permits using a sex ratio esti- 
mate similar to that derived from tlie 
first program. After deciding on hunt- 
ing permits :o issue, another relatively 
simple program is available for produc- 
ing the list of random numbers needed 
to make the selection of pemiitees 
among hunters in a permit applicant 
pool. 

Other programs are largely computa- 
tional and include calculations such as 
times and dates, sunrise to sunset, dis- 
tance seen from a height, area and edge 
calculations, and volume of a pond or 
lake computations. 

Some programs are statistical. Short 
data sets may be entered quickly, and 
conventional statistics can be examined. 
These are very useful in reviewing in- 
struction from other classes and in learn- 
ing how to apply, for example, a regres- 
sion equation relating crop yield to fer- 
tilizer and moisture. 

Such equations, either from the litera- 
ture or just developed, may be examined 
in 2 or 3 dimensions in the plotting pro- 
gram. This program has been extreme- 
ly useful in a variety of ways including 
a review of analytical geometry, explain- 
ing sensitivity of a model, explaining 
equifinality (asking a class for an equa- 
tion that produces a particular shape usu- 
ally produces many different equations 
meeting the requirement), and expkun- 
ing differences between curve-fitting and 
modeling. 

STUDENT USE OF PROGRAMS 
The Sttidents use the programs under 
my loose supervision in a compute lab 
containing 30 IBM-PCs. The emphasis 
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Table I. Menu of options for rime topic on Wildlife disks 



Time 

3.01 Days Between Two Dates 

Historical or forward, the exact number of days are calculated. T.ie program is useful in 
feedforward operations and in biological data manipulation. 

3.02 Professional Timeline 

Shows time as linear. The program lakes important dates of the professional and shows 
them in relation to each other and a plaiming horizon. 

3.03 Sunrise to Sunset 

Based on entries of a Julianized date and latitude, this program gives sunrise, sunset, and 
daylength. 

3.04 Tunc Between Two Tmies 

Based on entries of two specific times, down to the second, this program calculates the 
total time between the entries. The program may allow new control over experiments 
and observations. 

3.05 Julian-Classical Dates Converted to Julianized Dates 

Entering a classical date will result in presentation of an equivalent Julianized date. 



is on process. I encourage them to 
"make up" populations or situations. 
While other classes within the curricu- 
lum spend considerable time on data col- 
lection and detail, my emphasis is on a 
general understanding of the pn)cess of 
the program, developing a mind-set for 
general "what if...?" simulations, begin- 
ning to think about subsystems and 
search for useful unions of sybsystems, 
and to develop an auiUide of managerial 
control over the real or computer simu- 
lated ecosystem. The latter is as simple 
as: "If I add X or subtract Y to the eco- 
system, what will h^pen to my re- 
source (some performance measure of 
it)? Feedback is discussed^ and it is 
functional in most programs in error- 
checking and branching to promote 
correct responses. 

Several large programs now require 
student involvement for over an hour. 
One is Safe Haven, a wildlife manage- 
ment area game or educational unit 
The computer supplies the siudent with 
a budget for a typical year, and the sm- 
dent's task is to ^nd it to the penny. 
Thirty sets of choices (as if one every 3- 
4 days in the year) must be made. Wild- 
life resource benefits or points for the 
manager are produced after each expendi- 
ture. The objective is to maximize the 
score while minimizing the squared de- 



viation from the total budget expendi- 
ture. Several plays of the game are en- 
couraged before students are asked to 
use the random mode. This mode gives 
a realistic sense of managerial perfor- 
mance and requirements over time be- 
cause under these conditions, prices, 
food production, and harvest rates vary. 
All decisions are taken from actual ex- 
paience. It takes many plays ("years*' 
of experience) for smdents to master the 
game. 

Student frustraticMis created by random- 
ness within the program or game, for 
example, of budget cuts or even addi- 
tions of money near the end of the 
game, create leaming opportunities. 
The final "win" criterion is always ques- 
lioned by them. Frustration is expres- 
sed about the requirement that their to- 
tal budget be expended in view of their 
desire to make minimum expendiuires. 
This invariably leads to a variety of use- 
ful, practical discussions about effective- 
ness, efficiency, and fiscal policy in 
private and public groups. 

OTHER UNITS 

Another unit requires a student to make 
entries about the estimated costs of op- 
erating a large, complex, for-profit wild- 
life enterprise in the U.S. The objec- 
tive of this unit is to raise issues about 



the economies of scale, monetary and ec- 
ological interactions, shared resources, 
and the advantages of diversity both 
within ecosystems and enterprises. The 
diversity topic, much discussed in ecol- 
ogy, is one that is treated in a separate 
program. In one class, I use the diver- 
sity program before the enterprise unit; 
in another, after it This is one exam- 
ple of personal experiments in educa- 
tional methodology. Do yon explain 
and then use a program to enhance un- 
derstanding or do you create a demand 
for a topic (eg, how to express diversi- 
ty), then make a program available to 
meet the demand? 
One unit on deer population dynamics 
takes many inputs (class time) and 
requires 5-10 minutes of computer time 
- a temporal wasteland, since all stu- 
dents arc not on the same schedule. It 
IS a problem best used in long periods 
(eg, a 3-hour laboratory period) or as- 
signed as a project 

STUDENT FEEDBACK 
Some smdents have asked, "Is that all 
there is?" when using a program that 
was very difficult to program. The sim- 
ple inputs and the brief answers that are 
quickly returned are deceptive. Such 
comments arc discouraging, but no 
more so than the slept-through superior 
lecture. Another student reaction has 
been, "After 5 ecology courses, this is 
the first tune I've really understood inter- 
action!" Such comments are healing. 

I have prepared diskettes organized to 
correspond with sections of a textbook 
used in class. These provide a function- 
al aid to the text, sound, color, dynam- 
ics, heiuistic opportunity, and enhance- 
ment The reaction has been very posi- 
tive. Quizzes on simple topics treated 
in such programs tell me that leaming 
(mastery/time and effort) has occurred 
better than in any other way in my 22 
years of teaching. 

I still do not know how to grade the 
results of using computer simulations. 
On one hand, I want students to explore 
their use widely; on the other, I need 
one good (best) answer to allow a judge- 
ment on some types of perf*ormance. 
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Tabic 2. Menu of options for Space ard Habitat topics on Wildlife disks 



Space 

4.01 Area of a Polygon 

Enter the vertices for any area from the size of a leaf to that of a wildlife refuge and get 
the area and edge length. 

4.02 Zone of Influence of a Road 

Given & large area, the program calculates the zone of influence of a proposed or actual 
road or trail and the percentage of the total area influenced 

4.03 Crowding Index 

How crowded are plants in a plot, animals in a quadrant, barnacles on a ship? This 
program calculates Dccve*s crowding index. 

4.04 Land Area blocks 

Based on a data string thai characterizes cells within a large area, this program m^ the 
colors at a scale specified by the user. 

4.05 Plot Frequency and Density 

By entering the ntmiber of plants (or other items) o* ved within many plots, density 
estimates may be made. 

4.06 Tree Bole Surface Area 

Surface area of a tree bole can be eslimaied for insects, beaver feeding, rainfall 
interception, and other purposes. 

4.07 Planning an Experimental Bog 

An experimental peat bog is proposed for an area in the Appalachian Mountains at 2900 
feet elevation. The program begins to probe questions about the costs and then about 
the experimental process. 

4.08 The Broad View 

The distance to the horizon is calculated along with the area viewed and the effects of 
modifying one of the axes of an elipse. 

4.09 Slopes 

The differe ;e between degrees and percent of slope can be quite profound Managers 
need to be very familiar with the differences and their implications. Thii unit can help. 

4.10 Organisms in Space 

The spatial patterns resulting from an initial location of individuals in a population and 
changes based on various rules of reproduction, death, and dispersal can be observed 
using this unit 

4.11 Habitat Patterns 

A small simulation of a m^ with areas burned progressively over lime. The unit may 
be of value in comprehending random patterns and succession over large management 
areas. 



FUTUTE PLANS 

My plans are to ccxivert all old hand- 
outs to diskettes, to continue develop- 
ing units, to implement a class manage- 
ment system, and to use animation in 
more of my units. I thwi plan to unify 
these with interactive vidwdiscs that 
include pictures of a local rese^^rch area 
and data, sounds, and ^piopriate pro- 
grams. These will build up from small 
units and also down bom large ones, 
creating demands for understanding the 
parts. This reflects a personal evolu- 
tion from a linear or sequential instruc- 
tion mind set to one that is simultane- 
ou'i, rK)n-linear, heuristic, and student- 
specific. 

In the past I have preached; ''adopt a 
systems approach to resource manage- 
ment" Now I say it, try to demon- 
strate it in classes, and try to provide 
students with new tools (the computer 
programs) in addition to the words on 
their "brain disk" that the evidence sug- 
gests receives the equivalent of a FOR- 
MAT command when *hey hit the real 
world. 



H^e diskettes V/UdlifeOl and Wddlifc02 arc avail- 
able at no cost by sending foimaoed disks in a self- 
addressed, stamped mailer to Robert H. Giles, Jr, 
Department of Fisheries and Wildlife Sciences. 
VPI & SU. Blacksburg. VA 24061. 
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ADAPTATION OF INTERACTIVE VIDEODISC 
IN MEDICAL EDUCATION 

James S. Fine 

Department of Laboratory Medicine, University of Washington, Seattle, Washington 



Computers in the idealized medical cur- 
riculum are seen as devices for informa- 
tion retrieval, self-instruction, and self- 
eximanation.5 Computer-aided instruc- 
tion (CAI) is often predominantly text 



based. Text, however, is a unidimcn- 
sional, sequential media. One must 
plod word by word, paragraph by para- 
graph, sometimes scanning for key 
words or other clues. However, the hu- 



man mind is strongly visually oriented. 
People acquire information significantly 
faster by discovering relationships in 
pictoral reprcseniations. Properties 
such as color, shape, soe, contour, dis- 
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tance, and texture can be dissected read- 
ily. While the student maintains an ap- 
preciation for the whole, any part of the 
picture Ci' 1 be addressed in a rather ran- 
dom fashion. CAI programs are often 
supplemented with computer generated 
graphics, not without a heavy burden 
on the compuiex resources and the au- 
thor's creativity. 

A new technology, the hser optical 
videodisc, is now available for storage 
and management of y^svidi infcmnation.^ 
A standard 12 inch videodisc can store 
54,000 images on one side. Each 
individual picture can be retrieved with- 
in 2 seconds or less and displayed on a 
television monitor for as long as de- 
sired. The videodisc can therefwe be 
used in a manner similar to additional 
atlases while providing a quantum in- 
crease in capdcity. Unlike textbooks, it 
can be played as a sequential device at 
30 frames/sec, p^viding a sense of mo- 
tion, depth and time. The disc is also 
very durable and can be reproduced in- 
expensively. 

The ultimate benefit of this technol- 
ogy to computer-aided instruction is 
that the videodisc player can be inter- 
faced to and controlled by a computer. 
This permits tl.e integra^on of a poten- 
tially phenomenal visual database int^y 
instructional programs. Hie computer 
can provide the index and the OTganiza- 
tion for the visual material. 
A few years ago, we recognized the po- 
tential of the laser optical vid(«disc to 
computerized instruction in laboratory 
medicine. However, the practical imple- 
mentation of this technology has not 
been trivial. The major problems re- 
volved around videodisc source material. 
Additional considerations have included 
hardware configurations and program 
development 

VIDEODISC SOURCE 
The first hurdle in incorporating this 
technology into instructional programs 
was finding a videodisc which contained 
applicable material. We began by 
using a disc that contained copies of a 
couple thousand 35mm photographic 
slides of various hematologic diseases. 



pictures of other disease stales, and 
some supplementary motion pictures.' 
Employing this disc revealed three ma- 
jor shortcomings. Since the photo- 
gr^c slide collections used in this 
disc were compiled finom a number of 
diffwent sources, the quality of the pic- 
tures, including color and c }ntrast, var- 
ied widely. This was compounded by 
the degradation inherent in the transfo* 
process bom a celluloid media to an 
electrcMiic one. In addition, hwizontal 
and vertical slides had to be accommo- 
dated to a format which conformed to 
television standards. This resulted in 
loss .-)f image area from the vertical 
slides. 

Another problem arose because the vi- 
sual database was built immarily around 
existing slide collections made up of in- 
teresting pathologic mataial. Unfortu- 
nately, when this material was incorpo- 
rated into instructicrial programs, signi- 
ficant holes in the visual database be- 
came apparent Fot example, a specific 
malignant cell could be demonstrated, 
but contrasting normal cells or negative 
stains were nowhere to be found Addi- 
tional examples of the same disease 
state were often lacking. This is an in- 
herent imoblem in trying to utilize an 
existing slide bank that is not necessar- 
ily designed with instruction in mind. 

Finally, the index to the entire disc 
was available only in {tinted form. 
This made review and selection of ex- 
isting images a tedious process. 

VIDEODISC DEVELOPMENT 
It was felt that, although the technol- 
ogy appeared to Imve great potential, a 
more encompassing disc had to be pro- 
vided for our teaching needs. Because 
there were none available that met our 
needs, it was decided that a new disc 
would have to be developed. 

The first question was where to get 
the material. It was decided that in or- 
der to avoid the limited scope and vari- 
able quality of existing slide collections 
and the problems associated with the 
transfer process, an attempt would be 
made to produce a disc from videomi- 
croscopy in our laboratory using orig- 



inal case material in our department 
Experimentation with videomicros- 
copy proved successful, and a prototype 
videodisc made with stills integrated 
with scans and focusing sequences of 
selected ceils or areas was i^oduced. 
The task of selecting lighting condi- 
tions was standardized with the use of a 
waveform mOTitor. Because videotape 
was used, there was virtually no degra- 
dation of image quality in die editing 
and mastering processes. 

With the success of this prototype 
videodisc, work proceeded in ^he devel- 
opment of a videodisc that could be 
used in comput^-aided instruction in 
our discipline. Defining the scope of 
the project was the first production 
step. The objective was a disc that 
could serve as a generic^ visual resource 
encompassing the discipline of hema- 
tology Planned uses included teaching 
and testing medical students, medical 
technology students, and residents. As 
a multipurpose, oi generic, resource, no 
specific lesson plan was used to dictate 
content 

An extensive outline was made to 
cover the visual aspects of hematology, 
with care given to including compara- 
tive images. The outline included 12 
major subheadings ranging from non- 
diseased, or normal, bone marrow and 
peripheral blood to marrow involve- 
ment by non-hematologic processes. It 
was further subdivided, designating 
which material should be in the form of 
still pictures su:h as scans of bone mar- 
row biopsies and smears, and which ma- 
terial could benefit from motion, (eg, 
focusing through a parasitic infesta- 
tion). Given the massive storage capac- 
ity, up to 54,000 images/side, the out- 
line included numerous normal exam- 
ples for contrast with positive patho- 
logic findings. The outline was devel- 
oped on the computer. This allowed for 
updating as videotaping progressed. It 
also served as a guide for collecting 
material to be videotaped. 

The laboratory was equipped with a 
videomicroscope so that all recording 
was performed locally at the conve- 
nience of the staff. Recording was done 
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exclusively with 60 minute, 1 inch, C 
fomat videotapes. When t^ing a sin- 
gle inoage, a three to five second record- 
ing was obtained. During this relative- 
ly diort period, the focus was usually 
varied. At the time of editing, this 
segment was then reductrf to the two 
frames in optimum focus. Longer se- 
quences were recorded where motion 
was the desired objective. These were 
edited down to 10 seconds (300 frames) 
or less. Over the recording period, 39 
^ne hour tapes were used. This repre- 
sents approximately 20 hours of gath- 
ering and screening slides at the micro- 
scope few each hour of recording. 

M additional computerizP/d database, 
(w sequential master file, containing de- 
scriptive inform *ion on all video se- 
quences was constructed. Each image 
or scan sequence was identified with re- 
gard to all pertinent information includ- 
ing soiuce of material, recording param- 
eters and description of the tissue, and 
disease pix^cs. Selected infcxmation 
in this file would eventually be used to 
form the computerized index of the disc. 

All recorded videotapes were copied tc 
another 1 inch videotape, an edit source 
tape, onto which a continuous SMPTE 
timing code had been added so that each 
frame could be identified. The selection 
of individual francs and sequences re- 
quired a minimum of 12 hours for each 
hour of edit source videotape. This was 
mandated by the quantity of recorded ma- 
terial. Each one hour tape contained 
over 100,000 frames. Therefore, selec- 
tion of the frames, or sequence, with 
the best focus, lighting, and color re- 
quired much cross-comparison and ex- 
haustive decision making. 

The specified video frames from the 
source tapes were then transferred to a 
single sequential 1 inch videotape con- 
taining 30 minutes real time of video 
recording. The transfer process alone 
required two weeks editing time on the 
videotape editor with one person con- 
stantly monitCHing the editing machine. 
This t^, containing 54,000 fixunes di- 
vided amongst stationary images and 
shOTt motion sequences, was then sub- 
mitted to 3M (Minnesota Mining and 



Manufacturing Co., Sl Paul, Minn) 
for production of a disc master, pro- 
duced in 12 inch NTSC continuous an- 
gular velocity (CAV) format, and the 
desired number of copies. 

As described above, two files, the out- 
line and the sequential master file, had 
been created to track the information on 
the videodisc. To wganize the descrip- 
tive matoial, all pertinent and usefril 
terms were classified under an existing 
medical encoding scheme, SNOMED.* 
Alter the disc was manufactured, the 
videodisc frame numbm were added to 
the computerized files. This allowed 
the production of a computerized index, 
in frame (vd^, which subsequently 
could be used in computer searches by 
SNOMEDcode. The final outline, 
which (xiginally s^ed to direct the 
collection of slide material for the disc, 
could serve subsequently as a table of 
contents fw the disc. 

HARDWARE SELECTION 
The decision conceming t "*. hardware 
configuration to use was relatively sim- 
pler. Characteristic of computer imple- 
mentations, hardware development is 
usually far ahead of the software devel- 
opmerL While the work continued in 
the development of videodisc material, 
a smes of microcomputCT-videodisc con- 
figurations were employed. 

A two screen system was emptoyed 
with the aiginal disc. The computer 
infcxmation ^jpearci on the computer 
monitor and the video information on 
the videomonitor. The computer con- 
trolled all access to the videodisc and 
enabled formulation of branching in- 
stmctional programs that incorporated 
the visual infomation. Howevo-, 
switching attention between .screens 
was somewhat distracting. Ai. addition- 
al disadvantage was the inability to 
point directly to impcHtant findings in 
the picture. 

The system was then upgraded to a 
one monitor configuration. Here, both 
video and computer images could be 
displayed simultaneously on the same 
screen. Now text and graphics could be 
supMimposed on the video image. Im- 



portant details in the picture could be 
highlighted with arrows, circles or what- 
ever graphic seemed appropriate. The 
limitation now was in the capacity of 
the microcomputer. 

The hardware has since been upgraded 
again, this time to a DEC Professional 
IVIS system (Digital Equipment Corp., 
Maynard, Mass). In addition to tiie 
high resolution graphics and touch 
screen, the quanttim increase in com- 
puter memory allows for storage and 
use of the entire computerized oudine 
and description files, vasUy increasing 
tiie generic utility of tiie resource. 

SOFTW/. RE DEVELOPMENT 
The language selection has also fol- 
lowed an evolutionary course. Origi- 
nally PASCAL and BASIC were em- 
ployed. These were adequate in tiie 
initial experimentation. They resulted 
in a different approach to autiioring 
witii each program. After introduction 
of tiiC first one monitor system, an au- 
tiioring language, Apple SuperPELOT, 
was employed. This jMOvided a more 
stmctured frameworic for lesson develop- 
ment. It also allowed graphics and 
crude animation, two features that read- 
ily enhanced tiie overlay capabilities. 

Most recentiy we have been using tiie 
autiioring language PRODUCER (Digi- 
tal Equipment Corporation). This lang- 
uage takes advantage of the enhanced 
capabilities of tiie IVIS system, provid- 
ing text, high resolution graphics, and 
touch screen interaction. It is designed 
for programming on a centralized mini- 
computer witii downloading of software 
to individual IVIS systems. As lessons 
are developed, tiiey can tiien be transmit- 
ted and stored at teaching stations in tiie 
affiliated hospitals. 

The hematology disc was designed to 
»:e a generic visual resource witiiout a 
specific lesson plan. This has allowed 
the creation of programs to jcrve a vari- 
ety of users. Tne outiine and descrip- 
tion files provide computerized refer- 
ence, allowing easy lookup of any topic 
and supplemental description. Teaching 
programs have been written for medical 
students and medical technology stu- 
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dents.1 Students, residents, and faculty 
have authored lessons, individually tai- 
loring the lessons to the topic and their 
particular style. 

CONCLUSION 

The laser optical videodisc rep-esents a 
new technology that can provide a vast 
quantity of quality images. It is ideally 
suited for computer integration, which 
enhances its ability to serve as a visual 
archive and complement CAI. The 
availability of videodiscs will remain 
the limiting factor in utilizing this tech- 
nology. The development of generic 



medical videodiscs, although an exten- 
sive and exhausting process, will pro- 
vide the greatest resource to the broadest 
audience. 
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CLSE COLLEAGUE DIRECTORY - PART HI 



The listings below represent Part III of 
a directory drawn from respondents to a 
questionnaire distributed by NRCLSE 
in 1986. It is intended to help CLSE 
readers identify colleagues with com- 
mon interest areas. Although every at- 
tempt has been made to ensure that the 



informatioR is current and correct, it is 
likely that some errors dppeax in this 
list NRCLSE ^logizes in advance 
for any inconvwiiences that may arise 
due to such oversights. Part I of the 
directory was printed in the November. 
1986 issue of CLSE, and Part n was 



published in the January, 1987 issue. 
If you are aware of other colleagues that 
should be listed in future directories, 
please send tneir names, addresses, 
phone numbers, and teaching content 
areas to NRCLSE, Mail Stop RC-70, 
Univ of Wash, Seattle, WA 98195. 



TAXONOMY 

WALTERS, DIRK R 

DEPT OF BIOUXJY 

CAL POLYTECH STATE WSIV 

SAN LUIS OBISPO, CA 93406 

(805) 546-2721 

VIROLOGY 

BCWD, CLIFFORD 
DEPT OF MICROBIOIjOGY 
MOm"ANA STATE UNIV 
BOZEMAN,Mr 59717 
(406)9944130 

HALULEO 

PHILLIPS UNIV 

BOX 2000 UNIV STATION 

ENID, OK 73702 

(405) 237-4433 EXT 398 

WEJDUFE MANAGEMENT 

GILES, ROBERT HJR 

DEPT OF FISHERIES & WILD- 
LIFE SCIENCE 

VmONIA POLYTECH INST A 
STATE UNIV 

BLACKSBURG, VA 24061 

(703)961-5910 

ZOOLOGY 

BLACK« JOEB 
DEPTOFBIOIjOGY 
LOUISIANA COLLEGE 
LOUISIANA COLLEGE STA 
PINEVILLE, LA 71359 
(318)417.7611 



BUamOLZ. ROBERT H 
DEPT OF BIOLOGY 
MONMOUTH COLLEGE 
MONMOUTH, IL 61462 
(309)457-2350 

CARICO, JAMES E 
E«PT OF BIOLOGY 
LYNCHBURG COLLEGE 
LYNCHBURG, VA 24501 

(804) 522-8366 

C(X3CERHAM.BILL 
FRESNO PACtHC CCiXEGE 
1717 S CHESTNUT 
FRESNO, CA 93702 
(209)453-2045 

DEJONG,ALVINA 
ECPT OF BIOL SOENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. CA 93407 

(805) 546-2209 

taCKINSON, WINIFRED 
E«PT OF BIOLOGY 
UNIV OF STCUBENVILLE 
STCUBENVnXE. OH 43952 
(614)283-3771 

IXOGINS, MAUREEN 
DEPT OF BIOLOGY 
AU(5USTANA (X>LLEGE 
29m STANDS SUMMIT 
SKX« FALLS, SD 57197 
(605)336^ 



GAMBS, ROGER 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE LW 
SAN LUIS OBISPO, CA 93407 
(805) 546-2551 

GIBSON, LINDA 
DEPT OF BIOLOGY 
EASTERN WASHINGTON LTW 
CHENEY, WA 990(W 
(509) 359-2845 

GRAY,? HARRIET 
HOLLINS COLLEGE. BOX 9616 
HOUINS COLLEGE, VA 24020 
a03) 362^3 

HILTON. DONALD H 
DEPT OF Biv SCIENCES 
BISHOP'S UNIVERSnY 
LENNOXVILLE, QUEBEC 
CANADA JIM 1Z7 
(819)569-9551 

LEONG, KINGSTON 
DEPT OF BIOL SCIENCE 
CAL POLYTECH ST -^TE LTW 
SAN LUIS OBISPO. CA 93407 
(805)546-2788 

MAa©<, DR JOHN 
DEPTOFZOCXXKjY 
UNIV OF TORONTO 
TORONTO, ONTARIO 
CANADA M5S lAl 
(41^978-3506 



MURPHY, GEORGE 
MIDDLE TENNESSEE STATE 
UNIV, BOX 60 
MURFREESBORO, TN 37132 
(615) 898-2847 

OWEN, LAWTON 
KANSAS WESLEYAN 
lOOECLAFLIN 
SAUNA, KS 67401 
(913) 827-5541 

SINGLETARY, ROBERT L 
DEPT OF BIOLOGY 
UNIV OF BRIDGFJKJRT 
BRIDGEPORT, CT 06601 
(203) 5764265 

SINNAMON, WALT 
CENTRAL WESLEYAN COLL 
BOX 443 

CENIRAUSC 29630 
1803) 639-2453 EXT 356 

STANTC^i, GEORGE E 
DEPT OF BIOLOGY 
COLUMBUS COLLEGE 
COLUMBUS, GA 31993 
(4W) 568-2065 

STEVENS, ED 
DEPT OF ZOOLOGY 
UNIVOFGUELPH 
CUELPH. ONTARIO 
CANADA NIG 2Wl 
(519) 8244120 EXT 2137 
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AIMS AND SCOPE The goal of CompuUrs in Life Science Education is to provide a means of communi- 
cation amor" life science educators who anticipate or are currently employing the 
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DISCOURSE - A TECHNOLOGY 
BASED ALTERNATIVE FOR 
GROUP INSTRUCTION 



Steven L. Robinson 

Amherst H. Wilder Foundalion, S(. Paul, Minnesota 



This article intoduces an alternative 
concept for technology based instruc- 
tion, a concept tliat calls for the applica- 
tion of technology to problems of indi- 
vidual teachers who must cope with the 
demarids and limitations of group 
instruction. 

Teacher coordinated group insuiiction 
is an inescapable reality of educational 
enterprise. In almost every school, the 
total group is the vehicle for leaching, 
and the teacher is the pivotal fi^re in 
the group. This is not to say that the 
group context is optimal for learning. 

Classrooms are complex, multidimen- 



sional, layered environments. Group 
instruction in these environments, 
which requires teachers to organize 20- 
30 studenf^ into working units that 
change ovei i/ine, to select and arrange 
activities, to present material, provide 
opportunities to respond, monit^- and 
pace insuiiction that accommodater 
individual needs, is, in the best of cir- 
cumstances, less effective than other 
methods such as one-to-one lutoringj 
Tutoring is most likely effective 
because this context permits maximum 
opportunity to respond with constant 
feedback and correction, all under the 
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direct supervision and guidance of a 
teacher. Tutoring, however, and other 
methods such as computer-assisted in- 
s^nction (CAI), a form of tutoring with- 
out t" .Tiporally present teachers, cannot 
replace group instruction for practical 
and cultural reasons. Due tc iiniitcd 
resources, neither is practical on a large 
scale, and the social nature of human 
enterprise makes teacher-directed group 
instruction desirable even in the fac^ of 
potentially more effective methods. 
'Teachers play a vital role in the educa- 
tional process, in large measure because 
an important part of becoming educated 
has to do with interpersonal relations - 
with learning to communicate and join 
in problem solving with others."^ 

Therefore, al»i^ough groups distance 
the teacher from Jie student in terms of 
the teacher's ability to provide necessary 
amounts of critical instructional vari- 
ables such as opportunities to respond, 
teacher monitoring, and feedback/correc- 
tion, groups are an importaiit context 
for instruct .i. For these reasons. 
Bloom suggested that the activities of 
researchers and teachers should focus on 
devising "... teach ing-leaoiin . condi- 
tions that will enable the majority of 
students under group instruction to 
atu*in levels of achievenxnt that can at 
present be reached only under good 

jonng conditions."^ 

A TFCHNOLOGY BASED CROC? 
INSTRUCTION ALTERNATIVE 
The Disccurse Educational Communica- 
tion System (Discourse) represents an 
application of technology to the task 
set by Bloom. Discourse combines the 
power of the computer as an informa- 
tion processor tiiat can calculate and 
store with the power of a teacher as a 
knowledge processor who can reason 
and inform.* The system facilitates and 
processes student responses and makes 
this information available to the instruc- 
tor. This provides the substance for 
teacher diagnosis, prescription, presen- 
tation, monitoring, and feedback, the 
critical teaching functions influencing 
student learning.^ In this manner. Dis- 
course keeps the teacher at the center of 
instiiiction and employs a computer to 



overcome the limitations to effective 
leaching imposed by a classroom of 20- 
30 students. 

Discourse keeps the teacher at the cen- 
ter of instruction by elecuonically chan- 
neling student responses to a computer 
monitor viewed by the teacher. The 
system fundamentally operates as a com- 
munication tooL Each student in the 
class is supplied v/iih a response device 
(Studycom) consisting of a staiidard 
QWERTY keyboard and a LED display 
line. These Studycoms are connected to 
one computer with a color monitor, 
printer, and keyboard used by the in- 
structor. Operating software permits 
the teacher to conUol and coordinate 
instruction. Students are first prompted 
to "sign-on." As they type their names 
on the Studycoms, the names appear on 
the monitor in a column by the stu- 
dents' seat locations. The teacher may 
then prompt students to respond to 
spontaneous or prepared questions pre- 
sented orally, by audio-visual media, or 
by workbooks or worksheets. Students 
type their answers on the Studycoms, 
and the answers are displayed simultane- 
ously next to the students' names on 
the monitor . The teacher uses this in- 
formation to provide corrective feed- 
back, explain, reteach, or whatever ^s 
appropriate for the situation. 

Discourse helps teachers accomnixlate 
instruction to individual needs in sever- 
al ways. The system 1) provides facili- 
ties to prepare and conduct teacher-paced 
or student-paced lessons, 2) increases 
students' opportunities to respond under 
the teacher's direct supervision, 3) in- 
creases opportunities for immediate cor- 
rective feedback, 4) provides comprehen- 
sive, efficient, and timely record keep- 
ing facilities, and 5) permits the control 
and integration of a variety of audio- 
visual media for pn sentaiion purposes. 

LESSON PREPARATION 

The teacher, not the computer, delivers 
instruction with the Discourse system. 
The system collects, organizes, proc- 
esses, and records student responses. 
There is no pre-packaged instructional 
software Content comes trom regular 
curriculum materials or materials pro- 



vided by the teacher. The instructor, by 
use of a simple auti ing system incor- 
porated into the opt ing software, pre- 
pares lessons for storage on a floppy 
disk. With Lhis facility, lessons can be 
prepared that may include 1) answers 
that the system will use to score stu- 
dent responses, 2) instructor notes (eg, 
"Show the overhead on cell division."), 
3) insjuctions for automatic operation 
of audio-visula media, or 4) questions 
to be asked. Each lesson consists of a 
set of numbered frames that is named 
and stored on a disk. 

The system, however, may be u^d 
simply as a communication tool with- 
out a preprogrammed lesson in mem- 
ory. Teachers may prompt students to 
respond to questions provided by any 
means, and the system displays the stu- 
dents' answers on the teacher monitor. 

Discourse lessons may be paced by 
the teacher or by the students. For the 
former, the teacher controls the se- 
quence and timing of student responses. 
For the latter, students are provided 
with numbered woilcsheets. Answers to 
the items are entered on the Studycoms. 
The students control the sequence of 
items attempted and the time spent on 
each i'jem. 

The system also provides the capabil- 
ity of organizing multiple group stu- 
dent-paced instruction. Discourse will 
process the work of up to seven groups 
working on seven different lessons 
simultaneously. 

OPPORTUNITY TO RESPOND AND 
TEACHER MONITORING 
Opportunity to respond under a teacher's 
supervision is a critical component of 
achievement^ The Discourse system 
provides a response device to every stu- 
dent When the teacher asks a question, 
all students have an equal opportunity 
to respond. The responses are organized 
and displayed on the teacher's monitor 
for efficient processing, thus creating 
the potential for an environment with 
high levels of guided practice and en- 
hanced accountability. Guided pi-actice 
and accountability promote student en- 
gagement, another consistent correlate 
with achievement 
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FIGURE 1. Discourse teacher monitor screen display showing it 3m number, question to be 
asked, students' scat locations, niuncs and responses to an open-ended question. 



01 @_0\/What are your current vocational interests? 
Al MEG R. -VETERINARIAN 

A2 MOLLY S. -I'M NOT REALLY SURE AT THIS TIME. 

LAW IS INTERESTING BUT I REALLY DON'T KNOW WHAT LAWYERS 
DO WHEN THEY ARE NOT IN THE COURTROOM. 

B6 JOSEPH B. -I WANT TO BE A PROFESSIONAL 

BASEBALL PLAYER. 

B8 MARIA F. -WELL, IT SEEMS THERE ARE SO MANY 

JOBS YOU COULD DO. I WANT TO GO TO COLLEGE AND DECIDE 
AFTER I HAVE TAKEN A FEW CLASSES. 

CO PATRICK F. -MY PARENTS EXPECT ME TO GO TO 

VOCATIONAL SCHOOL TO LEARN A TRADE BUT I WANT TO 
ORGANIZE MY OWN BUSINESS MAKING HOCKEY EQUIPMENT. IT 
SEEMS IN MINNESOTA A PERSON COULD DO WELL AT THAT. 

CI ANNE Z. -ASTROPHYSICIST 

D4 TOM Q. -I DON'T KNOW YET. 



Figtire 1 shows an example of what 
the teacher sees when students type an- 
swers on the Studycoms. With more 
than 20 students, the teacher niay page 
10 another screen of names. This figure 
shows that students are not restricted to 
single letter or number responses. Stu- 
dents may construct responses with up 
to 186 characters, and they may edit 
their responses. Whatever the nature or 
length of the response and regardless of 
whether the lesson is ^eachei -paced or 
student-paced, the response is displayed 
for viewing by the teacher. This per- 
mits the teacher to direct immediatA; feed- 
back and correction to individual stu- 
dents most in need of help. 

Corrective Feedback 

Immediate and direct verbal feedback is 
only one form of feedback facilitated by 
the Discourse system. When used with 
prepiOgramed lessons that contain rn- 
swcrs (eg, tests or woricsheets), the sys- 
tem will scan each student's response 
and automatically provide injtant re- 
sponse contingent feedback to individ- 
ual students in the form of two flashing 
Studycom lights An optional beep 
tone may also be paired with the lights. 
When the lesson is created, the teacher 
specifies which ansv/ers will be paired 
with feedback. These bclections may be 
oveiridden at any time during the 
lesson. 

Another form of feedback capability is 
the "public" display. The teacher may, 
even while students arc typing, enter a 
student's seat location to display his/her 
individual response. This response 
appears for the entire ctes on a large 
video monitor (not the teacher's mon- 
itor) used also to display other media. 
Any number of responses may be dis- 
p yed, one at a time. 

Record Keeping 

The Discourse system includes a wide 
range of record keeping facilities. 
These provide an additional forii. of 
performance monitoring to aid the diag- 
nostic and prescriptive functions of 
teaching. 

Three report types (detail, question, 
and student) are available instantly 



during or after a lesson or test The 
teacher may access these reports with- 
out disturbing students as they respond. 
Detail reports list the performance of 
each student on each question, scoring 
the items as correct, incorrect, or not 
attempted. Quesuon reports list, in 
percentage form, the performance of the 
class as a whole on each item. Student 
reports describe, by percentage, the per- 
formance of individuals on the lesson as 
a whole. Each report may be displayed 
dynamically on the teacher monitor or 
may be printed. One option prints in- 
dividual reports for each student The 
teacher may therefore administer a test 
and distribute individual, hard-copy re- 
sults before the end of the period. This 
saves valuable time normally spent cor- 
recting papers and gives students more 
timely information about their per- 
formance. 

The teacher using F iscourse may elect 
to record student responses and scoring 
data on a floppy disk. This information 
may be recalled at the end of uie day, 
during a preparation period, or even 



with a computer at home. The teacher 
may reevaluate responses, enter critical 
comments, and generate individual 
reports that include these commcn s. 
Other software automatically accumu- 
lates scores on lessons, tests, or individ- 
ual objectives so that studcfit perfor- 
mance may be tracked over time. 

AUDIO-VISUAL MEDIA 
Audio-visual media has excellent poten- 
tial to complement group instruction 
but is not utilized fully in classroom^. 
Media devices typically must be ob- 
tained from a media center and require 
some technical knowledge for operating 
each device. 

Discourse helps overcome these 1' a\- 
taiions by permitting the teacher to con- 
trol a random access slide projector, a 
vioeo cassette recorder, and a videodisc 
player from the computer keyboard. 
Any off-the-shelf slides, video cassettes, 
or videodiscs may be used. Digital 
"slides" generated with a graphics tablet 
and stored on floppy disks ma" also be 
accessed by the system. 
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The control of each media device is 
accomplished by pressing a function 
key (cy, F7 for the VCR). This pro- 
duces a menu explaining the conu^ol 
options such as "Press enter for play" 
or 'Press FlO for stop." 

These devices may also be automat- 
ically controlled by instructions within 
disk-stored lessons. For example, the 
item "01;P25PV15000.16500V" will 
display slide number 25 and will play 
from frame 15000 to frame 16500 on a 
videodisc. This capability creates the 
potential for hi ' quality, interactive, 
media-based presentations that may be 
used repeatedly in group settings. The 
teacher is freed from concerns about 
how to present material and may conse- 
quently devote energy to teacher-student 
interaction and the adjustment of instruc- 
tion to meet individual needs. 

RESEARCH WITH DISCOURSE 
For the past two years, with financial 
support from the 3M Foundation and 
the cooperation of Dr. Jack Zawels, the 
system's inventor, and the Sl Paul 
School District, the Amherst H. Wilder 
Foundation has investigated the instruc- 
tional effects of the Kscourse system 
in classroom settings. 

This research indicated the system 
may be a potent instructional tool. In 
one study, after 45 minutes of training 
on how to use the system, a teacher 
was able to produce over a 100 percent 
increase in the percentage of academic 



responses students made during regular 
instruction.^ In another study with 
severely learning disabled elementary 
school students working on long divi- 
sion worksheets, accuracy increased 
from 70 to above 90 percent when the 
immediate feedback facility (flashing 
lights and beeps contingent on a correct 
response) was incorporated as part of 
the lesson. This and other research 
indicates that the Discourse system may 
be a useful tool for teachers to accom- 
modate instruction to the needs of 
individual students in group settings. 
The critical mechanism appears to be 
that all students within a class have 
more opportuniues to make academic 
responses under a teacher's direct super- 
vision. A program of expanded research 
over the next three years will condnue 
to explore the system's effects. 

SUMMARY 

This article describes an innovative ap- 
plication of technology to the problems 
of group insunction, the dominant 
environment for educadonal enterprise. 
This technology, called the Discourse 
Educational Communication System, 
places the teacher at the cenrer of teach- 
ing in a manner that enhances conU'ol 
over important components of effective 
instruction such as opportunities to re- 
spond, student-teacher interaction, per- 
formance monitoring and feedback/ 
correcuon. The focus of this technol- 
ogy on these components results in the 



implicauon that the system may be 
applied beneficially to any u^aining or 
educadonal setung where the group is 
the context for instrucuon. 
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SYNTAX DIFFERENCES BETWEEN 
SUPERPILOT AND PC PILOT 

Marianne E. Yoiler 

College of Nursing, University of Arizona, Tucson, Arizona 



PILOT has grown in popularity among 
computer-assisted insUiiction (CAI) au- 
thors. Developers ready to bnak out of 
the constraints of authoring systems are 
discovering the flexibiVty that PILOT 
provides. PILOT usually is learned 



first on whatever microcomputer is 
available to the author/programmer. 
Often Lhe developer then is asked by 
colleagues from other institutions to 
share b*ic CAI program. A problem 
arises, though, when these colleagues 



have different microcomputers. Soft- 
ware developers wishing to transport 
programs between the Apple ]( family 
and IBM/MS-DOS microcomputers are 
confronted with the realit" of minor dif- 
ferences in the versions of PILOT 
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that prevent 100 percent compatibUity. 
Although the PILOT language versions 
for both families of microcomputers 
contain basically the same syntax, the 
minor differences that exist can cause 
hidden bugs. This article will describe 
subtle and not so subtle differences 
between some of the most frequently 
used language statements that may be 
overlooked when reading the manuals. 

PILOT is available for many different 
T.iuiocomputers. This article will con- 
centrate on tlie PILOT versions avail- 
able for two types of microcomputers: 
ihe Apple ][ and IBM/MS-DOS 
families. 

The only PILOT version of note for 
the Apple )[ family is SupcrPILOT. 
Previous editions of PILOT for ihe 
older Apple computers are not powerful 
enough to be considered for serious CAI 
development Unfortunately, it has 
now been over five years since Apple 
Computer, Inc., disu-ibutor of Supcr- 
PILOT, has updated the language. As 
of last year, Apple has stopped provid- 
ing tcr lical support for SupcrPILOT, 
although they still require an annual 
license fee of $50 for each program de- 
veloped with SupcrPILOT, even those 
used within the author's educational 
institution. 

There are multiple PILOT versions in 
use for the IBM/MS-DOS machines. 
The PILOT versions that seeni to be 
most popular with CAI developers can 
be grouped into the folowing three 
types. 

1. PC PILOT V1.6 and IBM PILOT 

2. PC PILOT V2.X, Sperry PC/ 
PILOT, and NCR PILOT 

3. PC PILOT V3.0. 

These three types will be referred to in 
this article as PC Version 1, PC Ver- 
sion 2, and PC Version 3. 

DIFFERENCES IN LANGUAGE 
STATEMENTS 

Compute - Assignment Statemer* c: 
SuperPilot allows multiple Con.^ jtc 
(c:) statements per line. PC Vers ^ns 1 
and 2 allow only one c: statement per 



line. In fad, only the first statement is 
lead, and the rest of the line is simply 
ignored without uiggering an error 
message. This can lead to some hard to 
U-ack down bugs in your program, espe- 
cially if a variable is often intended to 
be reinitialized to zero. PC Version 3 
aliows multiple c: statements, each sep- 
arated by a semicolon. 



Example Set 1 - c: 
SupcrPILOT 

c:x=0; r=0; f5="Conrect" 
PC Versions 1 and 2 
c:x=0 
c:i^ 

c:fS="Conrect" 

PC Version 3 

c:x=0; r^O; f5="Correct" 



Dimension Statement, d: 
In SupcrPILOT, the variables dimen- 
sioned are separated by a semicolon. 
The same variable may be rcdimen- 
sioncd for a different value in a later 
module. 

In all PC Versions, the variables di- 
mensioned are separated by a comma. 
In PC Versions 1 and 2, all the vari- 
ables used throughout the modules can 
be dimensioned only once per program. 
You cannot redimension the same vari- 
able with a different value later in the 
program. In PC Version 3, you may 
redimension the same variable. 



Example Set 2 - d: 
SupcrPILOT 

d:x$(5);fS(15) 
...[later in another 

module] 
d:R(25) 
PC Versions 1 and 2 

d:xS(5),fS(25) 

[no further dimensioning 

ofxS or fS] 

PC Version 3 

d:xS(5),fS(25) 
...[later in another 

module] 
d:fS(25) 



Problem Statement, pr: 

Most of the differences between the 



SupcrPILOT and PC ^^crsions consist 
of the different options that can be set 
using the pr: command. In all PC Ver- 
sions, pr: may be replaced by p:. 

In SupcrPILOT, pr:p sends output to 
the printer, and pr:q shuts off the print- 
er, much like the PR#1 and PR#0 com- 
mands of Applesoft BASIC. 

The PC Versions are more involved, 
using fx:prn: and fo: and defining each 
space and each line to be printed. 



Example Set 3 - pr: 
SupcrPILOT 

pnp [all further output 

to printer] 
t: Go Cats! 

PC Versions 

fx:pm: [open printer as a 
PILOT file] 

ib:0," GoQls!"!! 
chr(l3)!!chr(lO) [prints 
phrase, advances to 
beginning of next line] 



All PC Versions include an option 
(an) that specifies the maximum length 
of an accept statement. The maximum 
length of the accept statement is set to 
the number assigned to n. For exam- 
ple, pr:al5 sets the maximum answer 
length that a student can type to 15 
spaces. 

PC Versions 2 and 3 include the fol- 
lowing additional options. 

f - traps the function keys as 
"hot" keys; executed through 
♦sysx 

i - error messages arc not dis- 
played, but an error flag is still 
set 

kname - assig* a name to file 
written by a keep statement 

PC Version 3 also contains an option 
(r) that draws a single or double lined 
rectangle. 

PC Version 1 docs not have the t 
(timed accept response limit) that Supcr- 
PIL OT and PC Versions 2 and 3 have 

Type Screen Statement, ts: 

The text screen statement differs consid- 
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crably between SuperPILOT and PC 
Versions. This is by far the statement 
that must be reworked the most when 
transporting programs. 

SuperPILOT has a number of features 
that arc not present on any of the PC 
Versions. Screen options such as s2, 
setting all characters to two lines high, 
and t2, setting all characters to double 
thickness, have no corrcstX)nding op- 
tion in the PC Versions. 

All PC Versions require that you se- 
lect a mode, which will determine the 
number of columns the i^rcen will 
have, whether you can use graphics or a 
newly defined character set, ana even 
what color combinations arc possible. 
Whereas the PC Versions allow 80 col- 
umn screens, the SuperPILOT version 
will only support 40 column screens. 
The text screen is also one line longer 
(XI the PC Versions. The screen layout 
must be reworked when moving from 
the 80 column, 25 line environment of 
the PC Versions to the 40 column, 24 
line environment of SuperPILOT. 

In SuperPILOT, changing the line 
spacing through the I modifier begins 
after the statement is issued, so in ef- 
fect, it does not show up until the 
second line of text following the change 
in spacing. In all PC Versions, the 
change in line spacing is immediate, so 
the change occurs with the first line of 
text following the statement 



E:(ample Set4-ts:l 
SuperPILOT- 

Code What appears on screen 

tiHello, Kello, 
ts:12 [double space] how is 
thow is 

t your mother? your mother? 

All PC Versions: 

Code What appears on screen 

tiHello, Hello, 
ts:12 [double space] 
tihow is how is 

Uyoiir mother? 

your mother? 



SuperPILOT and PC Versions 2 and 3 
allow the *ise of the animate modifier 
(ts:an) with a variable. PC Version 1 



does not; the statement must be placed 
after the a. 



Example Set 5 - ts:a 

SuperPILOT 

PC Versions 2 and 3 

c:fS="Hello" 

ts:alS 

PC Version 1 

ts:aHello 



There is an interesting bug in PC 
PILOT version 1.6. When using a re- 
peat factor on the ts: statement, it is ac- 
tually repealed one more time than the 
repeat factor given. For example, 
ts:*6(^.) causes the statement to be re- 
pealed 7 times, not 6. In transporting 
to other versions, be sure to add 1 to 
the new version (eg, ts:*7(...)). 

Erasing viewports is done differently. 
In SuperPILOT, the viewport is erased 
using ts:es. In all PC Versions, the 
viewport is erased using e followed by 
the color wanted, ts:eO [erase viewport 
with color black]. 

Wait Statement -w; 
In SuperPILOT, the number assigned 
to the wait statement indicates the 
length of time in seconds thrt the pro- 
gram is to wait for a key to be pressed. 
In all PC Versions, the number as- 
signed indicates the length of time in 
tenths of seconds. Failing to modify 
the number when transporting pro- 
grams can lead jO unexpected resul s in 
the pacing of a program. 



Example Sct6-w: 
SuperPILOT 

w:10 [wait up to 10 
seconds] 

PC Versions 

w:100 [wait up to 10 
seconds] 



Execute Indirect Statement - xl: 
When using the execute indirect state- 
ment in SuperPILOT, the expression 
must first be assigned to a dimensioned 
variable that is made the object of the 
xi:. In all PC Versions, the xl: may be 
replaced with x:, and the expression 
may be the object of the xl:. 



Example Set 7 - xi: 
SuperPILOT 

c: a$="u:q"!!str(q) 
xi:aS 

PC Versions 

xi:"u:q"!!qS(k) 



ODDS AND ENDS 

Saving student responses is a lot easier 
in all PC PILOT Versions. Thek: 
statement is used to write directly to a 
disk file called k.rec. Each new re- 
sponse is automatically added to the 
end. Space is limited only by the 
number of spaces on the disk, not a 
predefined amount as in SuperPILOT. 
To add the response, plus a label, use 
the statement, k:"Label:"!!%B%. 

There are other differences that arc 
quite striking. Character sr*s are han- 
dled differently in SuperPILOT and all 
PC Versions. Graphics must be com- 
pletely reworked when transporting. 
Also, PC Versions 2 and 3 have a gsx: 
statement that allows the present screen 
to be saved temporarily and then instan- 
taneously recalled using gx:. This is 
great for creating "pop-up" boxes. PC 
Versions 2 and 3 also have a function 
called sfl [shuffle] that is quicker and 
more efficient than using the random 
function. Finally, PC Versions 2 and 3 
contain "Sprites" that provide the pro- 
grammer with an easy to use graphics 
animation tool. 

CONCLUSION 

Two years ago, v/hat could be done 
with SuperPILOT and PC Version 1 
was, for the most part, equivalent 
However, while SupeiPILOT has re- 
mained stagnant, the PC versions have 
been evolving, meeting the needs of 
CAI designers as they produce programs 
of increasing sophistication. Unless 
SuperPILOT begins to keep pace wiUi 
this increasing demand, it will be more 
and more difficult for the CAI developer 
to uansporl PILOT programs. This 
will occur not because of a lack of com- 
mon syntax, but because SuperPILOT 
will no longer pcnnit the designer to 
create a similar looking presentation. 
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Attempts to incofp(Hate computers into 
student laboratodes seems to be occur- 
ring with increasing frequency as life 
science dq>artments bea)me more aware 
of the capabilities of the computer and 
as more software becomes available. 
Defining the role of the computer in 
this educational setting, however, is not 
as clear cut as it may seem. In some 
cases, the computer promises to be an 
ideal solution to some very perplexing 
problems. In other cases, the compute 
may actually be detrimental to the edu- 
catioi'al goals of the laboratory. The 
intent of this commentary is to help 
focus on some of the educational goals 
of student laboratories and ask whether 
the computer provides a vdiicle for 



meeting those goals. Perhaps the end- 
product will be a definition of multiple 
roles rather than a singular role for the 
computer in the student laboratory. 

WHY HAVE STUDENT LABS? 
Before we can deal with the issue of 
computers in labs, we must deflne the 
role of the student lab within the curric- 
ulum. The most obvious answer to the 
question, "Why, have sttident labs?" and 
one that meet faculty use to justify 
their inclusion in the curriculum, is 
tha^ labs provide a means of incorpo- 
rating an active learning experience into 
the curriculum. They afford students 
the opportunity to have a "hands on" 
experience with material covered in 
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their reading and lectures. 
Unfortunately, many faculty do not 
take the next step and define the educa- 
tional goals of specific laboratory exer- 
cises. In deciding whether the computer 
is appropriate in a given laboratory, it 
is essential that these goals be defined 
explicitly. This may not be an easy 
last Laboratory exercises are often 
designed to demonstrate a biological 
phenomenon and incorporated into a 
curriculum with little attention to speci- 
fic educational goals. Current labora- 
tory exercises seem to span a range of 
possible goals, however, that may be 
summarized under the following four 
general headings. 

1) To familiarize students with 
technical issues; 

2) To familiarize students with cxperi- 
mentJ»' v\ and analysis issues; 

3) To en^ . .^^ students in a problem- 
solving experience; 

4) To provide students with a first- 
hand experience with a living 
system. 

The response of many colleagues to 
this list is that student labs share all of 
these goals, and they cannot be sepa- 
rated. While it may be tnje that many 
labs have components that could fit 
within the scope of each of these head- 
ings, the primary reascxi for having 
students go through the exercise usually 
falls only under one categwy. Let us 
consider each of these and see whether 
the computer can help to achieve each 
type of goal. 

FAMILIARIZING STUDENTS WITH 
TECHNICAL ISSUES 
Some exercises are designed to famil- 
iarize students with various types of 
instrumentation. These sessions allow 
students to become familiar with the 
controls of the instrument, calibration 
procedures, and the limitations of the 
equipment Other exCTcises may be 
aimed at enhancing psychomotor skills 
for specific tasks. In both areas, com- 
puter simulations offer a viable means 



of meeting the educational goals at a 
savings in terms of necessary equip- 
ment, set-up time, and perhaps faculty 
time. Two examples serve to illustrate 
''cations in this area. 

^ counter simulation 
The training program for residents in 
Nuclear Medicine at the University of 
Washington includes a laboratory de- 
signed to familiarize residents with the 
function and limitauons of a Na-I well 
counter for counting gamma-emitting 
isotopes. In the labwatory procedure, 
the student obtains an energy spectrum 
for a given isotope by counting a stan- 
dard. He then sets a window covering 
the portion of the spectmm in which 
counts are to be accumulated. Samples 
representing a range of COTcentrations 
(activities) are prepared and counted 
During the course of the exercise, a 
variety of factors that affect counting 
statistics are examined 

We have recently completed a com- 
puter simulation of this exercise that 
could provide ihe same experience with- 
out imposing the space and time lim ta- 
tions associated with setting up the ' 
physical equipment in an area large 
enough to be accessed by the whole; 
group. The program begins with a * 



menu listing standards that are available 
for the session. The student chooses a 
standard and the energy scale in which 
the spectrun vill be displayed. The 
next step is to choose a counting 
window (Figure 1). Following these 
steps, the student prepares a test solu- 
tion to be counted, defines a sample 
size for the counter, sets a time for 
counting the sample, and finally 
"counts" the sample. Displayed data 
(Figure 2) include the counts detected 
by the counter, the actual efficiency of 
the counter with this sample, and the 
apparent efficiency of the count. The 
efficiency values are not available from 
the real counter because they depend on 
the design characteristics of the instru- 
ment However, this information helps 
the student gain an appreciation for the 
inherent inefficiencies of the equipment 
The various steps in the procedure can 
be repeated at will (Figure 2) so that 
each factor affecting counting statistics 
can be examined In many ways, a 
more thorough study can be conducted 
with the simulation than with the wet 
lab. 

Nursing skills simulation 
Larson has developed a series of simu- 
lations d.;signed to help nursing stu- 




8£T WINDOW |UPPE«I LIMIT 

USE < > KEYS TO ADJUST HAIRLINE 

PRESS *A* TO ACCEPT POSITION 

HAIRLINE P08ITIDNI 803 

FIGURE 1. Screen from well counter simulation showing energy spectrum of 
Tcchnctiuni-99m. Student has set the window for counting bcnvecn the vertical 
lines. 
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ISOTOPES TC99M 

COUNTER SETTINGSr 

WINDOW » 134 TO 147 KEV 
COUNTING TIME «10 SEC 

SAMPLE PREPARATIONS 
10 MCI IN 1 L 

SAMPLE • 1 ML 



TOTAL COUNTS DETECTED - 76839 

APPARENT C0UNTIN8 EFFICIENCY m 2 % 

ACTUAL OVERALL EFFICIENCY • 2 % 

(PRESS ANY KEY TO CONTINUE) 



OPTIONSs 

1) CHANGE ISOTOPES 

2) RESET WINDOW 

3) CHANGE AMOUNT OF INDICATOR 

4) CHANGE VOLUME FOR DILUTION 

5) CHANGE SAMPLE VOLUME 

6) DILUTE SAMPLE VOLUME 

7) CHANGE COUNTING TIME 

8) COUNT SAMPLE 

9) QUIT 
CHOICE? 



FIGURE 2. Screens from well counter simulation. Left panel: Data presented to student after "counting" the sample. 
Right panel: Options available to the student after counting the first sample. The program allows the student to examine 
the influence of each parameter on counting statistics. 



dents develop psychomotor skills such 
as calculating and di^nsing drug dos- 
ages and calculating and regulating flow 
rates finom intravenous drip chambers.^ 
These programs were designed so that 
they could replace conventional skills 
laboratoriei in which students worked 
with actm J syringes and FV drip cham- 
bers. Larson reported that there were no 
significant differences between the tradi- 
tional labs and computer-based exercises 
in terms of the effectiveness, transfer, 
or retention of learning achieved. How- 
ever, the cost of instruction per student 
was 45-70% less with the computer 
exercises than with conventional labora- 
tories.^0 In this environment, the com- 
puter has again proven to be a viable 
alternative to the wet lab. 

FAMILURIZCSG STUDENTS WfTH 
EXPERIMENTAL DESIGN AND 
ANALYSIS ISSUES 
Jn some curricula, laboratories are in- 
tended to provide the suident with a "pre- 
view" of the research laboratory. In 
this context, the laboratory exdciscs 



deal with experiritental design issues 
including the need to have a sound sta- 
tistical basis for the design chosen, the 
importance of appropriate control 
groups, and issues related to gathering 
appropriate data (eg, measurement error, 
signal-to-noise ratio). Exposure to 
appropriate data analysis (including 
statistical tests) is also an integral part 
of these laboratories. 

In this context, Heidcamp has pro- 
vided one example of computer use as 
an adjunct to the wet lab.'' In his exam- 
ple, students run cellular respiration 
experiments using a Warburg apparatus. 
Data are collected once every ten min- 
utes from fourteen flasks representing 
six duplicated experimental groups and 
a control. The data arc entered into a 
microcomputer as the experiment is 
run. The computer piogram calculates 
apprc^riate corrections (eg, for back- 
ground temperature and pressure) and 
displays the data in graphical form. By 
examining the data as the expoiment is 
being conducted, and by comparin*; one 
group's data to data gathered by col- 



leagues in other groups, students arc 
better able to gain an appreciation for 
potential errors (eg, leaks in the sys- 
tem) as well as other factors related to 
experimental design and data gathering. 

Kramm and Spain's Marie and Recap- 
ture simulation^ allows ecology stu- 
dents to examine issues related to experi- 
mental design and data analysis in a 
content area where actual student labora- 
'lory exercises may be difficult, if not 
impossible, to conduct In this simula- 
tion, students define a population size 
of wildlife to "capture" and mark. This 
p jpulation is then released, and, at a 
later time, the student defines a sample 
size to "recapture" from the general 
population. The process may be re- 
peated to examine the influence of a 
number of design parameters related to 
this class of experiments. 

These examples illus&ate that the com- 
puter can certainly play a role in labora- 
tories focuced on experimental design 
and analysis issues. In some cases, the 
computer can serve as a valuable ad- 
junct to hts providing an ability 
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to reduce large amounts of data in a 
timely maimer so that class time can be 
devoted to discussion of the implica- 
tions of the design characteristics of the 
experiment and the significance of the 
results. In other cases, the computer 
can provide a means of conducting "ex- 
periments" aimed specifically at the de- 



sign and analysis issues that might not 
otherwise be included as part of the 
curriculum. 

ENGAGING STUDENTS IN A PROBLEM- 
SOLVING EXPERIENCE 
Although problem-solving represents a 
critical component of life science disci- 



plines, few instances of wet labs having 
problem-solving as an educational goal 
can currently be found in life science 
curricula. With the time and financial 
constraints on toda/s cunicula, it is 
doubtful that many wet labs intended to 
serve large classes can provide sufficient 
resources to allow students the latitude 
necessary to engage in an in-depth 
pirblem-solving experience. Perhaps 
use of the computer in an effort to at- 
tain this goal represents the application 
with the highest potential for impacting 
?ife science education. Computer simul- 
ations offer a latitude not available with 
living systems. A system may be ex- 
amined as simplified components or 
groups of components and built up to a 
complex system. For example, in 
cardiovascular physiology, simulations 
are currently available that allow exam- 
ination of the aspects of the system 
ranging from an isolated left heart prepa- 
raticHi (Figure 3)" to a complex system 
that includes interactions with other 
sysiems.3 

In respiratory , 'iysiology, one can 
begin by examii .ng exchange between 
the atmosphere and alveoli (Figure 4), 
build upon this to a system that takes 
ventilation-perfusion relationships, 
right-to-left shunt, and a tissue bed into 
account (Figure S)" and ultimately ex- 
amine a model of cardiopulmonary phys- 
iology that allows the user to examine 
more than 100 parameter values.^ 

Computer simulations also provide a 
mechanism of extending the scope of 
wet labs that do offer a problem-solving 
experience. Cooper iises a simulation 
to allow students in introductory micro- 
biology to extend their wet lab experi- 
ence of identifying unknown bacteria to 
include pathogens.^ 

PROVIDING STUDENTS FIRS^-HAND 
EXPERIENCE WITH A LIVING SYSTEM 
Traditionally, this has been the primary 
educational goal of student laboratories. 
In recent years, the rising costs of equip- 
ment and supplies, increased class sizes, 
and increased activity of animal rights 
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FIGURE 3. Output screens 6om isolated left heart laboratory simulation of Peterson and 
Campbell.*' Upper panel: Schematic representation of tlie experimental set-up. Lower panel: 
Data from a series of runs examining pressure-volume relationships of the left heart 
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FIGURE 4. Output screen from the first program in a series of models of pulmonary gas 
exchange.! 1 The student begins the series by examining exchange between the atmosphere 
and alveoli. 



groups have led many life science depart- 
ments to seek "alternatives" or "substi- 
tutes" for these laboratories. The words 
"alternative" and "substitute" are unfor- 
tunate choices for they imply that both 
the old and new activities accomplish 
the same goals. From a scheduling 
standpoint, other types of activities can 
certainly serve as alternatives or substi- 
tutes for wet labs. However, from the 
standpoint of attaining the educational 
gpal of providing students with a first- 
hand experience with a living system, 
nothing is farther fix)m the truth. If the 
goal of the laboratory is to hh.e the 
student gain an appreciation for the feel 
of living tissue, the viability of a nerve 
or muscle preparation, or the difference 
between a beating and fibrillating heart, 
there is no substitute for the living 
system. The experience cannot be dupli- 
cated through simulations or by watch- 
ing images stored on film, videotape or 
videodisc. 

Does this mean that the computer has 
I. / role in this type of laboratory? On 
the contrary, it can play a very impor- 
tant role. It can, in fact, help the stu- 
dent gain more from the experience than 
is possible with more traditional equip- 



ment The key elemei;: in this applica- 
tion is the ar^log-to-digltal (A-D) con- 
verter. By equipping the computer with 
an A-D converter and appropriate soft- 
ware, the computer can be converted in- 
to a strip-chart recorder with capabilities 
for repeating and manipulating data ac- 



quired during an experiment».2v5.i2 

Computer-based data acquisition can 
enhance wet labs in a number of ways. 
First, the cost of such equipment rela- 
tive to traditional signal recording equip- 
ment is low. Thus, departments con- 
templating elimination of wet labs be- 
cause the cost of replacing old equip- 
ment is prohibitive may have a viable 
alternative that will allow retaining or 
perhaps even expanding the wet lab 
experience. 

The time that it takes for students to 
become familiar with the recording 
equipment is probably less because 
most have had some computer or key- 
bcrxd experience. This means that in a 
given laboratory period, more time is 
available for focusing on the biological 
system being studied. 

Because acquired data can be stored, 
manipulated, and redisplayed, data gath- 
ered at the beginning of the experiment 
befOTe significant deterioration of the 
the preparation takes place can be used 
in a variety of analysis schemes. In 
this way, the student may be able to 
broaden the scope of a study beyond 
that possible with nr.ore conventional 
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FIGURE 5. Output screen from the last program in a series of models of pulmonary gas 
exchange.^ J Components have been progressively added so that Jic student can now view 
the system as a whole. 
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recording equipment 
CONCLUSION 

We have seen a trend in recent years 
towards reduction or elimination of stu- 
dent laboratories in many life science 
settings. The reasons given for reduc- 
ing or ebminating these sessions in- 
clude the increased volume of informa- 
tion that must be covered within a giv- 
en time period, rising costs of labora- 
tory equipment and supplies, and stu- 
dent opposition to using mammals in 
stude'it laboratories. In succumbing to 
these pressures, it seems as if few de- 
partments seriously examined the educa- 
tional goals of their student laboratories 
in an attemr-t to retain these potentially 
valuable educational experiences. 

Periiaps it is time to reevaluate the 
overall goals of life science curricula 
and consider focusing on process rather 
than factual information. Student labo- 
ratories with explicit educational goals 
could contribute significantly to the 
emergence of a student body that is able 
to think about integrated biological 
systems rather than merely access 



biological facts. 

The computer is a versatile tool that 
can contribute in a variety of ways to 
achieving the educational goals of sti' 
dent laboratories. The key to success, 
however, is to define these goals for 
specific laboratory exercises and incor- 
porate the computer in ways that arc 
consistent with the es'iablished goals. 
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CAN Yt a HELP? 



One of the goals of NRLCSIi is to 
serve as a mechanism for life science 
facuity interested in using the U)mput- 
er as a ♦eaching tool to bervme aware 
of collea:?ies with simSu: interests. 
From time to time, NFXLSE re- 
ceives letters from life scientists 
requesting information in areas in 
which we lack expertise. It seems 
appropriate to initiate a new feature in 
which these questions arc passed 
along to colleagues who can help. 
Therefore, bom time to time we will 
seek the ^elp of the CLSE readership 
in responding to these inquiries. If 
you can help, please respond directlv 
to the person seeking information. 

NRCLSE: 

I am interested in obtaining an MS-DOS 
3.2 compatible computer program that I 



can use as a framework for the systematic and 
comprehensive documentation of selected life 
forms in the U.S. Virgin Islands, and I 
wondered if you could help mc. I want a 
program that can place organisms within a 
classification system, as well as allow for 
documenting the relationships that organisms 
have with others. I would like to be able to 
^'ccess this data by any classification category 
name, as well as allow for documendng the 
relationships that organisms have with others. 
I would like to be able to access this data by 
any classification category name, specific 
relationships between organisms, and an 
artificial classification designation such as 
forage, fruit, ornamental, and vegetable crops. 

My present thoughts are to use a commer- 
cial relational database mm* nent program. 
In one table, give each {^yloge. tdc classifi- 
cation category name an identifying number. 
In another table, grouj the classification 
category names by theu* identifying numbers. 
In another table, describe each organism, give 



it an identification number and link it to the 
phylogenetic classification system by ius 
corresponding classification group identifi- 
cation number. The organism identificaUon 
number could "^so identify the organism 
within an artii I classification group. Has 
this already been done? 

I recognize that determining which 
phylogenetic classification system to use is 
of critical importance. The technical dif- 
liculiy of designing the classification .Tee in 
the database v/iihout excessive duplicatiOi. ^ 
also a concern. 

I would appreciate any assistanc that 
you could provide in directing this effort 

Houston Hc]der 

Extension Specialist in Plant Protection 
Vigin Islands Cooperative Extension Service 
College of the Virgin Islands 
P.O. Box "L", Kingshill, St Croix 
U.S. Virgin Islmids 00850-OOOL 



REMINDER 

The National Resource for Computers in Life Science Education is 
accessible through the BITnet '"temational computer network. Check 
w?*^ your campus co'^iputer center to learn moie about BITnet and 
hovv to access the network at your location. BITnet is a free network. 
To contact NRCLSE throught BITnet, address mail to: 



MODFLL@UWALOCKE 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of communi- 
cation among life science educators y^ho anticipate or are currently employing the 
conQ)uter as an educational tool. The range of content includes, but is not limited to, 
articles focusing on con^uter {plications and their ui. flying philosojrfiy, reports 
on faculty/student experiences with computers in teaching environment:^, and soft- 
ware/hardware reviews in both basic science and clinical education settings. 

INVITATION TO CONTRIBUTORS A- icles consistent with the goals of Computers in Life Science Education are invited 

for possible publication in the newsletter. 

PREPARATION AND SliBMISSIO. MATERIAL 

Articles submitted for publication should not exceed 2000 worxls and should be 
typewritten, double spaced, with wide margins. The original and two copies including 
two sets of figures and tables should be sent to the Editor Dr. Harold Modell, 
NRCLSE, Mail Stop RC-70, University of Washingtoa Seattle, WA 58195. 

Title page sh< iild include full title, list of autliors, academic or professional 
affiliations, arid complete address and phone number of the corresponding author. 

Diustratiors should be submiticd as original drawings in India ink or s^-up, un- 
mounted jrfiotogra^is on glossy paper. The lettering should be such that it can be 
legible afitCT reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references 
alphabetized" described in the Council of Biology Editors Style Manual. References 
should be E'.ted in aljAabetical order by the first author's last name, numbered 
consecutively, and cited in the text by these numbers. 

RESPONSIBILITY A"ID COPYRIGKr 

Authors are responsible for accuracy of statements and opinions exprft;sed in artcles. 
/Vll authors submitting manuscripts will be sent a copyright transfer form lo 
conq)lelc. The a .pleted form must be returned before the work will be publl^ned 
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Computers in Life Science Education, Mail Slop RC-70, University of Washingtoa 
Seattle, WA 98195. Subscription rate is $30.00 for 12 issues, including postage and 
handling in the United States and Canada. Add $20.00 for postage (airmail) in 
Mexico and Europe and $23.00 for the rest of the world 

This newsletter has been registered with the Copyright Clearance Center, Inc. Con- 
sent is given for copying of articles for posonal or intftmal use, or for the personal 
or iniemal use of specific clients. Thir consent is given on the condition that the 
copier pay through the Center the pcr-cop" fee stated in the code on the first page 
for copy; ig beyond that permitted by the US Copyright Law. If no code appears on 
an article, the author has not given broad consent to copy and permission to copy 
must bt obtained directly *rom the author. This consent does not extend to other 
kiiids of copying, such as for general distribution, resale, advertising and promotional 
purposes, or for creating new collective works. 

Address orders, changes of address, and claims for missing issues to NRCLSE, iMail 
Stop RC-70, University of Washington, Seattle, WA 98195. Qaims for missing 
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USE OF ELECTRONIC BLACKBOARD 
TELECONFERENCE TEACHING AT 

A remot:^. site 

Ken Kastella and Albert Gordon 

WAMI Program, University of Alaska, Fairbanks, Alaska and 

Department of Physiology and Biophysics, University cf Washington, Seattle, ^Vashington 
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In addition to tne main campus in 
Seattle, first year medical students at 
the University of Washington receive 
instruction at the remote sites partici- 
pating in the WAMI Medical Education 
Program: Washington State Univer- 
sity, Pullman (WSU); University of 
Alaska, Fairbanks (UAF); Montana 
Si^to University, Boieman (MSU); 
Uiu/ersity of Idaho, Moscow (UI) (it 
should be noted that because of their 
geographic proximity, WSU and UI 
sti'd^ts are taught together as a single 
group). Eqc /alent courses are taught 
at the peripheral universities primarily 
by resident faculty. However, since no 
site has the fC^ range of resource fac- 



ulty availabl ; in Seattle, University of 
Washingtor faculty are required to par- 
ticipate in the courses at the remote 
universities. Because of the relative 
expense of such travel, both in actual 
monetary cost and faculty time, we 
decided to experiment with electronic 
media for long-c'istance teaching. Over 
the last three years, we have experi- 
mented witi; the use of the "electronic 
blackboard" to teach part of a course 
entitled "Me isms of Cellular Phys- 
iology" jO St. jnts in Fairbanks, Alas- 
ka. This is a report on the success of 
the project 

From 1973 to 1979, we had experi- 
ence with an experimental project using 
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full duplex audio and video satellite 
transmission between Seattle and Fair- 
banks to teach the same physiology 
course. The lectures were presented to 
medical student conference groups and 
turned out to be a highly successful, 
but extremely expensive didactic meth- 
od. Our goal was to fmd a less expen- 
'^Ive way to duplicate the interactive 
teaching that the satellite experiment 
provided. We have explored several 
other ways of doing this. Commercial 
telephone is far less expensive and the 
obvious initial choice. By themselves, 
telephones provide voice-only transmis- 
sion, a major drawback for scientific 
subjects. Because of the need to trans- 
mit drawn or written information in 
teaching, we explored three metliods for 
doing this using regular telephone 
lines. The choices were dictated niairJy 
by the available tecJinology in any 
given year. Although it never made it 
to the classroom, we first tried slow- 
scan TV but found that the images were 
too low in resolution with barely toler- 
able transmission speeds. In addition, 
slow-scan TV is relatively exp^sive. 

THE ELECTRONIC BLACKBG ARD 
In 1984, we went to the use of an "elec- 
tronic blackboard" as a means of trans- 
mitting pictorial information. During 
the first year's operation, we leased an 
AT&T electronic blackboarding system 
on an experimental basis. The system 
involved writing on a pressure sensitive 
blackboard with chalk (or, when the con- 
figuration is upgraded, on a vaite board 
with a pen). Visual information was 
digitized, transmitted over phone lines, 
and appeared almost instantaneously on 
a TV mcr^itor at the remote site. A 
separate ohone line was used for voice 
transmission. Technically, this proved 
to be a reasonable n^ethod (or presenta- 
tion and mimicked blackboard presenta- 
tions to students in a normal classroom 
very closely. A major drawback to this 
system was the inability to prc-draw 
complex images foi transmission or for 
later annotation. Anotho* major draw- 
back at the time was the purchase price 



of the system, approximately $12,000 
for a single blackboard and electronics. 

In the last two years (1985 and 1986), 
we have used the Telewriter II P? sys- 
tem fix)m Optel Communications, Inc 
(322 Eighth A/e, New York, NY 
10001). In its present configuration, it 
uses a Pencept digitizing pad interfaced 
to an IB! I-PC. Images, drawn on-line 
or pre-drawn and stored, can be transmit- 
ted via a modem to a micrfx:omputer at 
the peripheral site and displayed or 
stored there for later retrieval. Display 
at the other end is on a computer moni- 
tor or various enlarged displays. Micro- 
phones and/or speaker phones at either 
end enable a two-way didog between 
students and the instructor. 

The system operates in one of two 
resolution modes: a CGA compatible, 
low resolution mode of 320 x 200 
pixels Willi 4 colors or a higher resolu- 
tion mode of 640 X 200 pixels with 
only black and white. In addition to the 
ability to draw on-line, the OT>tel soft- 
ware p^mits the instruoto'" to pre-draw 
or pre-type a series of screens which 
could be stored, transmitted to the peri- 
pheral sites off-line, and called up one 
page at a lime from the remote micro- 
compute for annotation or illustration. 
Because the Telewriter PC software can 
also operate in tlie background and 
capture 320 x 200 pixel graphic ima; es 
generated by the Penware software as 
well as other graphics programs, such 
as PC Paint and LcAm 1-2-3, these pre- 
drawn images can be very complex. 
The Pencept digitizing pad is also a 
"smart" tablet It can recognize leuers 
drawn on the tablet and reaxd them as 
printed letters. The present modem 
multiplexes voice and data for transmis- 
sion over a single telephone line, but 
only at 300 baud. On-line drawing or 
annotatii is done viitually in real time 
with no noticeable delay in transmis- 
sion. Depending on the resolution, 
transmission of whole frames takes a 
few minutes at the slow 300 baud rate, 
but this can be done off-line before the 
teaching sessions. The system is de- 
signed to pomit two-way visual com- 



munication by installing a Pencept tab- 
let at the remote end, but that option 
was not available to us. However, it 
does seem desirable and beneficial for 
students to be able to illustrate their 
questions and have it appear on the 
instructor's computer monitor. The 
price of the system as configured was 
about $6000 excluding the price of the 
PC's and monitors. 

APPUCATION OF THE SYSTEM 
We ased the electronic blackboard sys- 
tem for conference style teaching rather 
than in the lecture mode. The physiol- 
ogy course we were teaching has a com- 
mon content at all of the peripheral 
sites, and a detailed syllabus has been 
developed for the course. For indepen- 
dent study, students were assigned 
course material from the detailed presen- 
tation in the syllabus. Teleconferences 
with the electronic blackboard were then 
used to review material, clarify difficult 
concepts, and answer students' ques- 
tions. Pre-stored images permitted 
greater ease of review while the ability 
to draw and write on-line allowed clearer 
and more graphic answers to quesUons 
than the alternative, the telephone 
alone. The electronic blackboard was 
also used to expand on the basic mate- 
rial by presenting examples of the latest 
research developments. The goal was 
to show students future directions in the 
field, but it was not material for which 
they would be held responsftle and 
tested on. 

EVALUATION 

Evaluation of the effectiveness of this 
mode of teaching took two forms, com- 
parison of test perfonnance and auitude 
surveys. Examinations at each of the 
five WAMI sites have a common con- 
tent which, for this course, is 50 ques- 
tions. Of those questions, approximate- 
ly 10 examine the material covered 
using the electronic blackboard system. 
The success of the teaching experience 
using 2his media was evaluated primar- 
ily by comparing the common exam 
performance ot the Alaska WAMI stu- 
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dcr ^ with the other sites. No peripher- 
al site had a recognized expert in the 
subjects we covered the electronic 
hiack'uoard, but each used a different 
teaching method. Consequently, at var- 
ious times, we had students who had 
learned the material though lectures and 
the syllabus (MSU), those who learned 
through independent study using the ^1- 
labus and in-person confcence sessions 
(UW), those using only independent 
study (WSU-UI), and our students using 
indepenc ;nt study and electronic black- 
board conference sessions. The Alaska 
students using the electronic blackboard 
teleconferencing system always tested at 
or above the level of the suidents at the 
other sites. However, differences in 
performance were not significant be- 
cause of the small number of questions. 
In any ^ase, in terms of real perform- 
ance, students using the electronic black- 
board teleconferencing system did not 
do any worse and may, in fact, have 
done better than students at the other 
sites. 

The performance of Alaska students 
relative to the other sites has not been 
rigorously analyzed, but some relevant 
comments may be in order. All stu- 
dents go through the same selection 
process by the University of Washing- 
ton, although Alaska students tend to 
have sightly lower MCAT scores and 
CPAs. Each WAMI course has com- 
mon exam questions, and in a given 
course in a given year, a particular site 
may have an exam average that is better 
or worse than the other sites. When 
looked at over the years, however, there 
has been no consistent statistical differ- 
ence between sites, and that was also 
true for the entire 50 common questions 
in the "Mechanisms of Cellular Physiol- 
ogy" course. The fact that the Alaska 
students were responsible for indepen- 
dent study could have been a factor in 
the first two years of the study, but the 
results were the sairic in the third year 
when both WSU-UI and UW also were 
involved in independent suidy. Perhaps 
the novelty of the presentation at Alas- 



kf* could have been a factor. Another 
factor that may be important is the size 
of the group. One hundred students are 
in Seatde; WSU-UI has 40 students; 
MSU has 20; and Alaska varied from 
13 to 16. 

Subjective feelings regarding the effec- 
tiveness of the electronic blackboard 
were obtained from a questionnaire pre- 
pared for the suidents. From the frculty 
viewpoint it w x>mforting to note 
that in spiie of their performance, the 
subjective evaluation by Alaska sui- 
dents indicated that they preferred a real 
live insaiictor rather than the electronic 
media. Although they thought that the 
conferences were useful and the media 
good, the lack of more personal inter- 
action with suidents was identified as a 
concern. 

LESSONS LEARNED 
A major pioblem with this method of 
insmiction is the lack of visual com- 
munication between the instructor and 
student Heau nods and puzzled looks 
apparent in the classroom, especially 
with small groups, are not transmitted, 
and it can be difficult to get the students 
to be more vocally assertive about clari- 
fying unclear points or concepts. Other 
problems, mostly technical iji nature 
and which will most certainly be mini- 
mized in the future, inc* ide the 
following. 

Transmission Speed 
The speed of data transmission is cur- 
rently limited to 300 baud. This rate is 
very restrictive, particularly if higher 
resolution screens are to be transmitted. 

Screen Resolution 

The scrsen resolution is IBM CGA com- 
patible 320 X 200 pixels in four colors 
or 640x200 in black and white. With 
this resolution, all drawings and letter- 
ing have to be fairly large, and the con- 
tent on the screen must be kept low. 

Hard-copy Output 

It would have been useful to have had a 



means of turning the graphic images in- 
to printed images for the students. Of 
course, if materials were generated early 
enough, they could be duplicated and 
sent to the peripheral site prior to the 
session. However, for those instances 
where the instructor digresses from the 
script, it would be convenient to have 
been able to make a quick copy of this 
material for the students. Hardware is 
probably available for making this 
conversion. 

Computer Display Size 
We had problems with ttie size of the 
standara computer display. For a group 
of 10 or less, it is marginally large 
enough, but a larger monitor or some 
sort of projection system is required for 
larger groups. 

Audio Exchange 

We used a single speaker-phone for the 
audio. This is usable for a small num- 
ber of students, however, the ideal 
would have been a good teleconfer- 
encing system with speaker and micro- 
phones so that students can bodi hear 
and be heard when asking questions. 



CONCLUSION 

This system, as set up, could be acces- 
sed quickly so that we could be on-line 
to answer students' questions within a 
few seconds of receiving a telephone 
call. This means that a Arm schedule is 
not necessary, but the system could be 
used on a more casual basis to respond 
direcdy to suidents* questions, gready 
expanding (he flexibility and usefulness 
of the system. There are certainly 
many oth^- uses for the electronic black- 
board teleconferencing system in a uni- 
versity setting. For example, adminis- 
trative conferences, one-on-one consul- 
tations, testing, demonstrations, simu- 
lation, and modeling are all possible 
uses that we did not explOTe. Overall, 
we feel that the experiment was success- 
ful and the media useful in this teaching 
setting. 
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WHEREAS THE SOFTWARE? 



In the past, we have published scveaJ 
lists of life science software sources and 
programs or program areas available 
through them. The following list is 
presented as the latest in a continuing 
effort to make colleagues aware of po- 
tential resources. As in the past, no at- 
tempt has been made by NRCLSE to 
review these materials. In lists presen- 
ted after our planned peer critique mech- 
anism is in place, hopefully later this 
year, indication of reviews will also be 
presented 

This month's listing includes informa- 
tion drawn from 1986-87 edition of The 
EducatiCHial Software SelectcH', a data 
base created by the Educational Products 
Information Exchange (EPIE) Institute. 
For additional information about EPIE, 
write or phone EPIE Institute, P.O. 
Box 839, Water Mill, NY 11976, 
telephone (516) 2834922. 

If you have found specific software 
helpful in your teaching effcms, please 
share your good fortune by letting us 
know about the program(s) and .^up- 
•pllcr(s) so that we can make this irfor- 
mation available through future 
•mere's the Software?" lists. Send 
pertinent infcmnation to Dr. Harold 
Modell, NRCLSE, Mail S\ap RC-70, 
University of Washington, Seaule, WA 
98195 or send us a note on BITnet 
Our BITnet address is MODELL@ 
UWALOCKE. 

Academic Hallmarks 
P.O. Box 998 
Durango, CO 81301 
(303) 247-8738 

KNOWLEDGE MASTER - 
BIOLOGY 2 

Test-item database for test generation. 
Content covers coelenierates, arthro- 
p >Js, msects, fish, amphibians, and 
reptiles. Part of a 5-progiam Biologj- 
series fw Apple n equipment 

KNOWLEDGE MASTER - 

BIOLOGY 3 

Test-item database {(x test generation. 
Contenl covers birds, mammals, pn- 



mates, protists. bacteria and tnxonom- 
ic zoology. Part of a 5-program Biol- 
ogy series for Apple II equipment 

Biosource Software 
2105 S. Franklin, Suite B 
KiiksviUe, MO 63501 
(816)665-3678 

CONCEPTS IN THERMOGRAPHY 
Tutorial covering basic DC concepts, 
peripheral vascular physiology, detec- 
ting skin temperature, amplifiers, and 
processing DC signals. Piogram for 
Apple n equipment 

NEUROMUSCULAR CONCEPTS 
Tutorial cov^g muscle action poten- 
tials, use of electromyograph, contrac- 
tion, muscle action and movement 
disorders. Program for AR)le 0 
equipment 

PRINCIPLES OF PHARMACOLOGY 
Tutorial covering history, drug absorp- 
tion and disbibution, biotfansfomia- 
tic»i and elimination, mechanisms of 
acticm, and drug safety and efficacy. 
Program fw Apple 0 equipment 

SKELETAL MUSCLE ANATOMY/ 

PHYSIOLOGY 
Tutorial covwing three muscle catego- 
ries, skeletal muscle microstructure, 
;liding filament tbeoiy, nmx units, 
and lever systems. Program for Apple 
n equipment 

SKILLS IN ELECTROMYOGRAPHY 
Tutorial covering skin prq)aration, re- 
ducing EMG artifact, testing a myo- 
graph's operation, electrode location, 
and preventing shock hazards. Plro- 
gram for Apple n equipment 

Classroom Consortia Media, Inc. 

57 Bay Strea 

Staien Island, NY 10301 

(800)237-1113 

(800)522-2210 

CELL GROWTH AND MITOSIS 
Interactive simulation covering surface 
area-/olunie ratio, chromosome num- 
ber, chromosome r^lication, and 
cytoplasmic division. Program for 



IBM-PC (PC-DOS) ecfuipment 
LEAF: STRUCTURE AND 
FUNCTION 

Tutorial-sunulation covering the anat- 
omy and physiology of the leaf with 
re^)ect to its role as the ^'chemical 
factory" of the plant Program for 
IBM-PC (PC-DOS) equipment 

PASSIVE TRANSPORT 
Tutorial-simulation covering diffusion 
and osmosis. Program for MS-DOS 
compatibl equipment 

PHOTOSYNTHESIS AND LIGHT 

ENERGY 
Simulation focuses on characteristics 
of light and its role as an energy 
source. Ptpgram f(M- IBM-PC 
DOS) equipment 

PLANT GROWTH 
Tutorial-siniulation covering physiol- 
ogy of growth beginning with the 
seed Cbve^ hmnone control, feed- 
back mechanisms, tranq)oit, and 
differentiation. Program for IBM- C 
(PC-DOS) equipment 

COMpress 
P.O. Box 102 
WentwOTth, NH 03282 
(603) 764-5831 

GENTIC DRIFT 

Tutorial-simulation focusing on ran- 
dom changes with time in the disuibu- 
tion of individuals in small popula- 
tions. Program fo Apple II 
equipment 
LIFE 

Educational game dealing with 
changing distributions of individuals. 
Program for Apple II equipment 
MFNDELLW GENETICS 
Simulation covering dominance, 
partial dominance, lethality, linkage, 
and sex linkage. Program fw Apple n 
equipment 

POPULATION G^OWm 

Simulation dealing with exposiential 

and density-dq)endent gowth. 

Program for Apple II equ.^ent 
POPULATION SIZES 

Simulation dealing with a dynamic 
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population. Program for Apple n 

equipment 
SIMULATION OF HEMOGLOBIN 
FUNCTION 

Simulations of hmoglobin and 

myoglobin functions. Program for 

Apple n equipment 

Compu^' ^re 

15 Ccntti RoaJ 
Randolph. NJ 07869 
(201) 366-8540 

LIMITS 

Simulation of the effects of growth on 
world population, pollution, food 
supply, industrial ou^nit, and natura? 
resources. Rrogram available fw 
Apple n, PET/CBM and TRS-80 
Model m equipment 
MALARL\ 

Simulation of the effects of various 
types of malaria q)idemic controls. 
Program available f(W Apple II, 
PET/CBM, and TRS-80 Model ffl 
equip»nent 

POLLUTE 
Simulation of factws affecting wat^ 
quality. Includes temperatur3, amount 
and type of pollutant, and water treat- 
ment Program available for Apple II, 
PET/CBM, and TRS-80 Model ffl 
equipment 

POP 

Simulation of three growth models 
(exponential, logistical, and logistical 
with low (tensity). Rnc/grain available 
for Apple II, PET/CBM, and TRS-80 
Model ffl equipment 
RATS 

Simulation of rat control in city or 
apartment by sanitation and various 
poisons. Rrogram for Apple n, 
PET/CBM, and TRS-80 Model IH 
equipment 
STERL 

Simulation exploring effectiveness of 
pest control methods. Program 
available for Apple II, PET/CBM, and 
TOS-80 Model III equipment 

CONDUIT 

The University of Iowa 
Oakdale Campus 
Iowa City, lA 52242 



(319) 335^100 

BAFFLES, BAFFLES 0 
Game to help students develop deduc- 
tive reasoning and problem solving 
skills. Program available for Apple II 
(BAFFLES) and IBM-PC compatible 
(BAFFLES II)equipTient 
CATGEN 
Simulation allowing students to mate 
domestic cats of known genotypes. 
Program available for Apple II and 
IBM-PC compatible equipment 
CATLAB (Second Edition) 
Simulation in introductory genetics. 
Program available for Apple K and 
IBM-PC compatible equipment 
COEXISTiPdpulation Dynamics 
Simulation of the growth of two 
populations either independendy or in 
competition (or the same limited 
resources. Ptpgram available for 
Apple n equipment 
COMPETErPlant competition 
Simulation of experiments involving 
interaction between flowmng plants. 
Program available for Apple II 
equipment 
ECOLOGICAL MODELING 
Series of 7 programs dealing with a 
variety of techniques for modeling 
ecological systems and processes. 
Program available for Apple II and 
IBM-PC compatible equipment 
ENZKIN: Enzyme Kinetics 
Simulation of enzyme-catalyzed 
reactions. Program available for 
Apple n equipment 
EVOLUT: Evolution aiid Natural 
Selection 
Simulation of fluctuations in gene 
frequencies of wild populations. 
Program available for Apple II 
equipment 
FAMILY IDENTIFJCATION 
Data retrieval program to review the 
characteristics of 74 North American 
flowering plant families. Rrogram 
available for Apple II equipment 
ISLAND BICXjEOGRAPHY 
Three simulations of island commu- 
nities dealing with the relationship 
betweei islwd area and number of 
speci**:, coloi^iization of a new island, 
and island immigration and extinction. 



Program available for Apple II 
equipment 
LIFE TABLES AND THE LESLIE 
MATRIX 
TuUHial-simulation dealing with the 
basic life table and Leslie Matrix. 
Program available (or Apple II 
equipment 
LINKOVER: Genetic Mapping 
SimulaticHi of genetic mapping 
experiments. Program available for 
Apple n equipment 
MARK & RECAPTURE 
Simulation of marie and recapture 
experiments to explore three models 
for estimating population sizes. 
Program available for Apple II 
equipment 
OSMOTIC PRESSURE 
Simulation of thistle tube experi- 
ments and animation of a molecular 
model for osmosis. Ptogram 
available fw Apple II equipment 
POPULATION GROWTH 
Simulation of population growth. 
The package compares and contrasts 
the geometric (x exponential growth 
model with the logistic or Verhulst- 
Peari growth model. Program 
available (or Apple II equipment 
PREDATION 
Simulation of predai(»'-prey interac- 
tions. Rrogram available for Apple n 
equipment 
PREDATION EQUILIBRL\ 
Simulations of equilibrium models of 
predator-prey interaction. Rrogram 
available (or Apple II equipment 
TRIBBLE^, TRIBBLES Revisited 
Simulation to introduce students to 
the scientific method. Programs 
available for Apple II (Tribbles) and 
IBM-PC compatible (Tribbles 
revisited) equipment 

Datatech Software Systems 
19312 East Eldorado Drive 
Auiora, CO 90013 

CELLS AND GENETICS PICTURE 
FILE 

Hi-Res diagrams of animal cell, plant 
cell, mitosis, meiosis, Punnett 
Square, sex linked traits, DNA 
replication, protozoa, energy reac- 
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tions, and pedigree. Program 
available for Apple II equipment 

HUMAN ANATOMY PICTURE FILE 
Hi-Res diagrams of heart, brain, eye, 
ear, respiratory system, kidney, endo- 
crine system, neurons, circulatory sys- 
tem schematic, and digestive system. 
Program available for Apple II 
equipment 

PLANT ANATOMY PICTURE HLE 
Hi-Res diagrams of roots, stem cross- 
section, leaf cross-section, photosyn- 
thesis, flowers, seeds, and germina- 
tion. Program avaii**ble for Apple II 
equipment 

Diversified Education Enterprises 
725 Main Street 
Lafayeue, IN 47901 
(317) 742-2690 

BALANCE-PREDATOR-PR^.Y 

SIMULATION 
Simulation of the effects of food sup- 
ply, carrying capacity, environmental 
conditions, and external pressures or 
predator/prey relationships. Program 
available for Apple II, TRS-80 
Models I and ID, BM-PC, and 
Cbmmodore 64/128 equipment 

CLASSIFY-CLASSfflCATION KEY 

PROGRAM 
Presents an unclassified set of charac- 
teristics and labels for classification at 
various levels. Program available for 
Apple n, TRS-80 Model ID, IBM-PC, 
and Q)mmodore 64/128 equipment 

DICROSS-DIHYBRID CROSSES 
Simulation of various types ol* 
dihylMid crosses. Program available 
for Apple II, TRS-80 Models I and III, 
BM-PC, and Commodore 64/128 
equipment 

DILUTE-MICROBL\L DILUTION 

SERIES 
Simulation covering design and 
testing of microbial dilution series to 
determine concentration of a bacterial 
solution Ingram available for 
Apple n, TRS-80 Model ID, BM-PC, 
Cbmmodore 64/128 equipment 

DNAGEN-DNA/GENETIC CODE 

SP4ULATI0N 
Simulation of genetic code to produce 
protein sequences. Program available 



for Apple n, TRS-80 Models I and 
in, IBM-PC, and Commodore 64/128 
equipment. 

ENZYME-SIMULATION, ENZYME 

ACTION 
Simulation of enzyme action and the 
effects of inhibitors using acetyl- 
cholinesterase. Program available for 
Apple n, TRS 'SO Models I and in, 
IBM-PC, and Commodore 64/128 
equipment 

FLYGEN 
Simulation of monohybrid or dihybrid 
crosses with 25 varieties of Drosoph- 
ila. Program available for Apple 
II, TRS-80 Models I and in, BM-PC, 
and Commodore 64/128 equipment 

MONOCROS-MONOHYBRffi) 

CROSSES 
Simulation of various mondiybrid 
genetic crosses. Program available 
for Apple n, TRS-80 models I and HI, 
BM-PC, and Commodore 64/128 
equifff^ent 

NICHE-ECOLOGICAL GAME/ 

SIMULATION 
Game in which students attempt to 
place an organism in its jxoper ecolog- 
ical niche correctly by specifying 
environment, range, and competitor. 
Program available for Apple II, TRS- 
80 Models I and HI, IBM-PC, and 
Commodore 64/128 equipment 

OSMO- OSMOSIS IN RED BLOOD 

CELLS 

Simulation of red blood cells in hyper- 
tonic, hypotonic, and isotonic solu- 
tions. Program available for Apple 
II, TRS-80 Model ffl, BM-PC, and 
Commodore 64/128 equipment 

PLANT-PLANT GROWTH 

SIMULATION 
SimuIatiOit of the effects of light 
intensity and duration on growth and 
development of green plants. 
Program available for Apple il, TRS- 
80 Models I and DI, IBM-PC, and 
Commodore 64/128 equipment 

POLLUTE:IMPACT/WATER 

POLLUTANTS 
Simulation of the impact of various 
pollutants on typical bodies of water. 
Program available for ^•^•^le H, TRS- 
80 Models I and HI, IBW. PC, and 
Commodore 64/128 equipment 



POPGEN-POPULATION GENETICS 
Simulation of the effects of Hardy- 
Weinberg Law conditions on gene, 
genotype, and phenotype frequencies 
of a population over time. Program 
available for Apple D, TRS-80 
Models I and ffl, IBM-PC, and 
Commodore 64/128 equipment 

POPGRO-POPULATION GROWTH 

SIMLXATION 
Simulation of unlimited growth (J- 
curve), limited growth (S-curve) and 
limited growth with response lag time 
(S-curve with oscillations) models of 
population growth. Program avail- 
able for Apple n, TRS-80 Models I 
and in, BM-PC, and Commodore 
64/128 equipment 

DYNACOMP,Inc 

1064 Gravel Road 
WebstCT, NY 14580 
(716)671-6160 
(800) 828-6772 

PTOLOGY FRUIT KEY 
Identifies 125 trees and shrubs. 
Program available for Atari 4(X)y800 
equipment 

Educational Activities, Inc. 
P.O. Box 392 
Freepoit, NY 11520 
(800)645-3739 
(516)223-4666 

HEART LAB 
Animated graphics simulation of 
human heart Program available for 
Apple n, TRS-80 Models I and in, 
PET, and Atari 800/800XL 
equipment 

Educational Materials and Equipment 

Company. 

P.O. Box 17 

Pelham, NY 10803 

(914)576-1121 

ADVANCED GENETIC:S 
Tutorial-simulation presented as a 
nine-part program covering dominance 
and recessiveness, partial dominance, 
lethality, mechanism of inheritance, 
multiple alleles, sex linkage, multi- 
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trait inheritance, crossing over, and 
gene mapping. Program available 
for Apple II equipment 

AIR POLLUTION 
Simulation of caitx)n monoxide 
pollution in an urban environment 
Program available for Apple II and 
TRS-80 Model I and in equipment 

DNA-THE MASTER MOLECULE 
SimulaticMi dealing with DNA 
structure. Programs available for 
Apple n equipment 

INTRODUCTORY GENETICS 
Three part tutorial covering a variety 
of topics. Plrogram available for 
Apple n. TOS-80 Models I and HI 
equipment 

MEIOSIS 
Tutorial-simulation providing an 
interactive pcxirayal of gamete 
fonnatim. Program available fcx* 
Apple n and IBM-PC equipiVient 

MICROBIOLOGY TECHNIQUES 
Tutorial'Simulation covering various 
laboratory procedures. Program 
available for Apple II equipment 

NATURAL SELECTION 
Tutorial'SimuIation dealing with 
genetics and evolution to pc^Ia* 
tions. Program available for Apple 
n equiimient 

OSMOSIS AND DIFFUSION 
Tutorial-simulation cov^g effects 
of temperature, concentration, solu- 
bility, molecule size and charge, and 
membrane pcxe size on flow of mat- 
ter across semi-pameable mem- 
brane. Program available for Apple 
n.TRS-80 Models I and ni 
ei]uipment 

POPULATION FLUCTUATIONS 
Tutorial covering factors influencing 
population growth. Plrogram avail- 
able for Apple II, TRS-80 Models I 
and ni equipment 

THE NUCLEIC AQDS 
Tutorial-simulation dealing with 
principal nucleotides and synthesis 
ofRNA. Plrpgcam available for 
Apple n equipment 

WATER POLLUTION 



SiiHuIation of the effects of tempera- 
ture, type of waste, dumping rale, 
and method of treatment on the 
impact of pollution on aquatic life. 
Program available for Apple n, TRS- 
80 Models I and in equipment 

EduTech^Inc. 

303 Lamatine Street 
Jamaica Plain, MA 02130 
(617) 524-1774 

ANIMATIONS 
Contains animations for demonstrating 
DNA structure and synthesis, RNA 
structure and synthesis, and protein 
synthesis. Plrogram available Cw Apple 
II equipment 

DNA STRUCTURE AND SYNTHESIS 
Tutorial dealing with nucleotide struc- 
ture and linkage between nucleotide, 
base complementarity, and hydrogen 
bonding. Plrogram available for Apple 
II equipment 

PROTCIN SYNTHESIS 
Tutorial dealing with the geneial struc- 
ture of the amino acids and fonmation of 
peptide bonds. Plrogram available for 
Apple II equipment 

RNA STRUCTURE AND SYNTHESIS 
Tutorial extending the concept of hydro- 
gen bonding between complementaiy 
bases to ^ow the synthesis of RNA on 
the DNA template and the analogies in 
structure between DNA and RNA. 
Plrogram available for Apple n 
equipment 

Elscvier-BIOSOFT 

68 Hills Road 

Cambridge CB2 ILA, United Kingdom 

52 VandertDilt Avenue 
New Yak. NY 10017 

BL^\CHAER CLINICAL CASE 

STUDIES 
Eight simulations of clinical syn- 
dromes. Program available for Apple II 
equipment 

ENZLAB 



Simulatioas for designing and 
carrying out enzyme kinetics experi- 
ments. Program available for Apple 
II and IBM'PC compatible equipment 

ENZPACK 
An enzyme kinetics teaching and calcu- 
lation program. Program available lor 
Apple II and IBM-PC compatible 
equipment 

ENZYME ACTION 
Tutorial on the 1/asic nature and func- 
tion of enzymes. Program available 
for Apple n equipment 

GENESP1 
Simul' ons of experminents in bac- 
terial and molecular genetics. Program 
available for Apple II and IBM-PC 
compatible equipment 

ILEUM 

Simulates labcHatory experiments 
investigating effects of drugs on the 
in vitro guinea pig ileum. Program 
available for Apple II and IBM-PC 
compatible equipment 
LABPLOT 
Allows the Apple n with any A/D 
converts card to be used as a multi- 
pen chart recorder or as an X/Y 
plott^. 

MOLECULAR BIOLOGY SERIES 
Programs demonstrating central proces- 
ses of RNA and protein synthesis and 
DNA synthesis and rqyair. Program 
available for Apple II and IBM-PC 
compatible equipment 

MOLGRAF 
Molecular graphics package. Program 
available for Apple II and IBM-PC 
compatible equipment 

MULTI-Q 
A general puipose question creation 
and presentation system. Plrogram 
available for Apple II and IBM-PC 
compatible equipment 

"Q" EDUCATIONAL AUTHORING 

SYSTEM 
Authoring system for tutorial and 
assessment materia' Allows incoc- 
poration of gr^)hics and videodisc 
miiCerial. Program available for IBM- 
PC compatible equipment 
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AIMS AND SCOPE The goal of Computers in Life Science Educalion is to provide a means of commimi- 
calion among life science educators who anticipate or are currently employing the 
computer as an educational tool. The range of content includes, but is not limited to, 
erticles focusing on computer q)plications and their underlying philosoj^y, reports 
on faculty/student experiences with computers in teaching environments, and soft- 
ware/hardware reviews in both basic science axul clinical education settings. 

INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited 

for possible publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should not exceed 2000 words and should be 
xypcv, itten, double spaced, with wide margins. The original and two copies including 
two sets of figures and tables should be sent to the Editor E)r. Harold Modell, 
NRCLSE, Mail Stop RC-70, Univcisity of Washiiigton, Seattle, WA ^^^195. 

Title r^age should include full title, list of authors, acadenJc or p ofessional 
affiliauons, and complete address and i^one number of the corresponding author. 

Blustratloiis shoukl be submitted as ori^nal drawings in India ink or sharp, im- 
moi'^'^ photograj^ on glossy pqier. The lettering should be such that it can be 
legible after reduction (width of one column = 5.7 cm). 

Reference style and form should fo'^ow the "number system with references 
alphabetized** described in the Coim^J of Biology Editors Style Manual. References 
should be listed in alphabetical order by the first author^s last name, numbered 
consecutively, and cited in the text by 'hese numbers. 

RF5P0NSIBILITY AND COPYRIGirT 

Authors are responsible for accuracy of statements and opinions expressed in articles. 
All authors submitting manuscripts will be sent a copyri^ transfer form to 
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WHERE'S THE SOFTWARE? 



In the past, we have published several 
Xvsr^ of life science software sources and 
programs or program areas available 
through them. The foHowing list is 
presented as the latest in our continuing 
effort to make colleagues aware of po- 
tential resources. As in the past, no 
auempi has be^ made by NRCLSE tc 
review these materials. In future lists, 
presented after our planned peer critique 
mechanism is in place, indication of 
reviews will also be presented. 

This month's listing continues last 
month's entries and includes informa- 
tion drawn from the 1986-87 ' Ufion of 
The Educational Software SelectCH', a 
data base created by the Educational 
Products Information Exchange (EPIE) 
Institute. For additional information 
about EPIE. write or phone EPIE Insti- 
tute, P.O. Box 839, Water Mill, NY 
11976, telephone (516) 283-4922. An- 
other recent sourcebook for life science 
software is the 1987 Directory of Educa- 
tional Software for Nursing published 
by the National League for Nursing, 10 



Columbus Circle, New Yoric, NY 
10019. 

If you have found specific software 
helpful in your teaching efforts, please 
share your good fortune by ieuing us 
know about the program(s) and sup- 
plier(s)^ th^it we can make this infOT- 
mation available through futun" Where's 
the Softwaic lists. Send pertinent infor- 
mation to Dr. Harold Modell, 
NRCiJSE, Mail Stop RC-70. Univer- 
sity of Washington, Sealde. WA 
98195 or send us a note on BITnet 
Our BITnet address is MODELL@ 
UWALOCKE. 

HRM Software 
175 Tompkins Avenue 
Pleasantville. NY 10570 
(914) 769-7496 
(800)431-2050 

BIOFEEDBACK 

Part of 10 program package Experi- 
ments in Human Physiology. Ex- 
periments include biofeedback, condi- 
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tioning, and perception measurements. 
Program available for Apple II 
equipment 

BIOFEEDBACK MICROLAB 
Package includes a pulse rate sensor 
that measures EMG, a iheimisior 
probe to measure skin tamp^iauue, 
and an interface circuit that enables 
students to connect the sensors to the 
computer. Program available fw 
Apple n and Commodore 64/128 
equipment 

CALIBRATION 
Part of 10 program package Experi- 
ments in Human Physiology. Tem- 
perature and timing functions are 
calibrated against standards. Program 
available for Apple n equipment 

CARDIOVASCULAR HTNESS LAB 
Provides students with everything 
they need in order to use the micro- 
computer to monitor cardiovascular 
activity. Program available for Apple 
n and Commodore 64/128 equipment 

EXERCISE EXPERIMENTS 
Paa of 10 program package Experi- 
ments in Human Physiology. The 
effect of exercise and physical condi- 
tion on heart rate, breathing rate, and 
skin temperature is investigated. 
Program available for Apple II 
equipment 

GENE MACHINE 
Tutorial/Simulation dealing with 
DNA replication and protein synthe- 
sis. Program available for Apple II 
equipment 

HEART RATE 
Part of 10 program package Experi- 
ments in Human Physiology. Light 
and light sensor for measuring and 
recording heart rate. Program avail- 
able for Apple II equipment 

HEREDITY DOG 
Tutorial covering various topics in 
genetics. Program available for Apple 
II and Commodore 64/128 equipment 

HOMEOSTASIS- 
THERMOREGULATION 
Part of 10 program package Experi- 
ments in Human Physiology. Sui- 
dents investigate the body's ability to 
maintain a const^'Jit internal tempera- 



ture by subjecting a volunteer to mild 
lemperamre excursion while recording 
and displa/ing skin and body tempera- 
ture. Program available for Apple II 
equipment 

HUMAN GENETIC DISORDERS 
Simulation investigating inherited 
disorders. Program a^^Iable for 
Apple n equipment 

PSYCHOLOGICAL STRESS-LIE 

DETECTOR 
Part of 10 program package Experi- 
ments in Human Physiology. The 
physiological response to the stress of 
a frustrating and abusive quiz is mea- 
sured. Program available for Apple II 
equipment. 

RESPIRATION RATE 
Part of 10 program package Experi- 
ments in Human Physiology. A nap- 
ping subject is monitored for heart 
and breathing rate. Results are com- 
pared to the data acquired when the 
subject is awake. Program available 
for Apple n equipment 

RESPONSE-TIME 
Part of 10 program package Experi- 
ments in Human Physiology. Users 
measure finger reaction times with a 
bright light stimulus (sensor includ- 
ed). Program available for Apple n 
equipment 

RESPONSE-TIME INVESTIGA- 
TIONS 

Part of a 10 program package Experi- 
ments in Human Physiology. The 
effects on reaction times of stimulus 
type and response location are studied. 
Program available for Apple II 
equipment 

SKIN TEMPERATURE 
Part of a 10 program package Experi- 
ments in Human Physiology. Tem- 
perature probe (included) senses body 
and skin temperatures. Program avail- 
able for Apple II equipment 

SOLAR FOOD 
Tutorial/Simulation dealing with 
photosynthesis. Program available 
for Apple n equipment 

Indiana University School of Medicine 
Dcparunent of Physiology 



635 Bamhill Drive 
Indianapolis, IN 46223 

ACID-BASE PHYSIOLOGY 

SIMULATION 
Simulation of acid-base disturbances 
based on Davenport Diagram ap- 
proach. Program available for IBM- 
PC compatible equipment 

GAS DIFFUSION IN THE LUNG 
Simulation of oxygen and C02 trans- 
fer between alveolar air and blood. 
Program available for IBM-PC 
compatible equipment 

SKELETAL MUSCLE MECHANICS 
Set of six simulations deaUng with 
muscle physiology. Program avail- 
able for IBM-PC compatible 
equipment 

CARDIOVASCULAR INTER- 
ACTIONS 
Cardiovascular Physiology simula- 
tion. Program available for IBM-PC 
compatible equipment 

GRADEBK 
Program for the analysis of a large set 
of grades. Program available for IBM- 
PC compatible equipment 

J & S Software 

14 Vanderventer Avenue 
Port Washington. NY 1 1050 
(516) 944-9304 

ANIMAL REPRODUCTION 
Tutorial reviewing sperm develop- 
ment, egg, and fertilized egg. Pro- 
gram available for Apple II and TRS* 
80 Model III equipment 

ASEXUAL REPRODUCTION 
Tutorial reviewing cell division. Pro- 
gram available for Apple II and TRS- 
80 Model III equipment 

BIOCHEMISTRY 
Tutorial covering basic atomic struc- 
ture, balancing equations, and proper- 
ties of proteins and carbohydrates. 
Program available for Apple II and 
TRS-80 Model III equipment 

DIGESTION 
Tutorial covering digestion in simple 
organisms and humans. Program 
available for Apple II and TRS-80 
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Model III equipment 
GENETICS 
Tutorial covering various crosses in 
plants and fruit fly populations. Pro- 
gram available for Apple n and TRS- 
80 Model ni and IV equipment. 
ENDOCRINE SYSTEM 
Tutorial co'^ering hormones, effects 
and problems. Piogram available for 
Apple n and TRS-80 Model in equip- 
ment 
EXCRETION 
Tutorial reviewing metabolic wastes, 
waste removal, and kidney function. 
Program available for Apple If and 
TRS-80 Model ID equipment 
LOCOMOTION 
Tutorial reviewing types and functions 
of bones and muscles. Program avail- 
able for Apple n and TRS-80 Model 
ni equipment 
NERVOUS SYSTEM 
Tutorial covering n^es, reflexes, and 
chemical transfer of impulses. Pro- 
gram available for Apple n and TRS- 
80 Model ni equipment 
PHOTOSYNTHESIS & TRANSPORT 
Tutorial dealing with photosynthesis 
and transport in plants. Program avail- 
able for Apple II and TRS-80 Model 
ni equipment 
REPRODUCTION IN PLANTS 
Tutorial reviewing asexual and sexual 
reproduction in plants. Program avail- 
able for Apple II and TRS-80 Model 
III equipment 

Kinko*s Service Corporation 

4141 State Street 

Santa Barbara, CA 93110 

(800)235-6919 

in CA (800) 292-6640 

outside USA (800) 967-0192 

DRINKING AND NOT DRINKING 
Tutorial designed to augment strat- 
egies for the prevention of substance 
abuse. Includes facts about drinking 
and the effects of alcohol. Program 
available for Apple II equipment 
ENERGETTC::S AND METABOLISM, 
GARDEN OF BIOLOGY: VOLUME I 
Data base illustrating reactions of 



metabolism and interactions between 
the several metabolic compartments of 
a cell. Program available for Macin- 
tosh equipment 
EVOLUTION, GARDEN OF BIOL- 
OGY: VOLUME 2 
Data base illustrating relations among 
organisms, of many kinds, emphasiz- 
ing the history and mechanics of their 
evolutioitary change. Program avail- 
able for Macintosh equipment 
INTRODUCTION TO PSYCHO- 
ACTIVE DRUGS 
Tutorial designed to augment strate- 
gies for the prevention of psycho- 
active drug abuse. Program available 
for Apple II equipment 
KEEP OFF THE GRASS 
Tutorial designed to augment strate- 
gies for the prevention of marijuana 
abuse. Program available fw Apple n 
equipment 
MODEL NEURON 
Simulation of the behavior of an 
isolated neuron. Ptogram available 
for Macintosh equipment 
SIX CLASSES OF PSYCHOACTI^^ 
DRUGS 

Tutorial designed to augment strate- 
gies for the prevention of psycho- 
active drug abuse. Program available 
for Apple II equipment 
SUBSTANCE ABUSE DATA BASE 
Database containing contact infonna- 
tion on substance abuse organizations. 
Program available for Apple II 
equipment 

Life Science Associates 
1 Fennimore Road 
Bayport,NY 11705 
(516) 472-2111 

BIOLOGY COMPUTER STIMULA- 
TIONS 

Tutorial covering various biological 
concepts and experimental areas includ- 
ing enzymes, photosynthesis, respira- 
tion, diffusion, meiosis, muscles, 
nerves, and genetics. Program avail- 
able for Apple II and TRS-80 Models 
I and III equipn.ent 
GROSS .\NATOMY TUTORL^L 



Tutorial for gross anatomy review by 
region and for self-test in National 
Board format Program available for 
Apple II equipment 

Neosoft, Inc. 
CBS Interactive Learning 
One Fawcett Place 
Greenwich, CT 06836 
(800) 227-2574 

THE BODY IN FOCUS 
Tutcmal for investigating body sys- 
tems including skeletal, muscular, 
respiratory, cardiovascular, g^lrointes- 
tinal, endocrine, and integumentary. 
Available for Apple n and IBM-PC 
compatible equipment 

Oakleaf Systems 
P.O. Box 472 
Decorah,IA 52101 
(319) 3824320 

AIJ3AL GROWTH 
Simulation of the effects of eight 
variables on growth of algae. Pro- 
gram available for Apple II and IBM- 
PC compatible equipment 

AQUATIC ECOLOGY 
Utilities to perform many of the cal- 
culations common to aquatic ecology. 
Pmgram available for Apple n and 
IBM-PC equipment 

AQUATIC ECOLOGY DATA 

SIMULATION 
25 simulations covering aquatic sys- 
tems. Program available for Apple li 
and IBM-PC equipment 

ECOLOGICAL DATA SIMULATION 
25 simulations covering ecological 
systems. Program available for Apple 
II and IBM-PC equipment 

ECOLOGICAL ANALYSIS PRO- 
GRAMS PLUS 
Utilities that perform life table analy- 
sis, community similarity indices, 
diversity indices, predator-prey model- 
ing, descriptive statistics, mark- 
recapture analysis, plus regression and 
correlation analysis. Program avail- 
able for Apple n equipment 

ECOLOGICAL ANALYSIS - PC 
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Utilities that perform life tabic analy- 
sis, interspecific association indices, 
community similarity, diversity 
indices, descriptive statistics, mark- 
release recapture analysis, plus regres- 
sion and correlation analysis. Pro- 
gram available for IBM-PC compat- 
ible equipment 

ECOLOGICAL ANALYSIS VOL. 2 - 

PC 

Utilities that perform community 
similarity analysis, indices of disper- 
sion, species-area curve, and step-wise 
multiple regression. Program avail- 
able for IBM-PC compatible equip- 
ment 
EVOLUTION 
Simulations covering mutation, gene 
flow, natural selection, and genetic 
drift on populations. Program avail- 
able for Apple II and IBM-PC compat- 
ible equipment 
GRADE KEEPER - PC 
Grade book manager that handles 
classes up to 300 students, up to 25 
grades per student Program available 
for IBM-PC compatible equipment. 
PHYSIOLOGICAL DATA SIMU- 
LATION 
25 simulations covering aspects of 
physiology. Program available for 
Apple n and IBM-PC compatible 
equipment 

Randall, Dr. James 
Department of Physiology 
Myers Hall 
Indiana University 
Bloomington, IN 47405 
(812) 335-1574 

BASIC HUMAN 
Integrated systems model of human 
physiology. Program available for 
TBM-PC compatible equipment 

Rush Medical College 

Drs. Joel Michael and Alan Rovick 

Department of Physiology 

1750 West Harrison Su-cet 

Chicago, IL 60612 

(312)942-6426 

(312)942-6567 



CARDlOVASCm^AR P^IYSIOLOGY 
PARTI: PRESSURE/FLOV/ 
RELATIONS 
Tutorial dealing with a variety of cal- 
culations in ihe area of hemostatics/ 
hemodynamics. Program available for 
IBM-PC compatible equipment 
CARDIOVASCULAR PHYSIOLOGY 
PART n: REFLEX 
Tutorial dealing with carotid sinus 
regulation of blood pressure and refl':x 
responses in hemoirhage and exercise. 
Program available for IBM-PC com- 
patible equipment 
CIRCISM: A TEACHING EXER- 
CISE ON BLOOD PRESSURE 
REGULATION 
Simulated experiment based on a 
model of the ba»oreceptor reflex loop. 
Program available for IBM-PC com- 
patible equipment 
MUSCLE MECHANICS: A 
COMPUTER-SIMULATED 
EXPERIMENT 
Simulated experiment that permits the 
user to determine either the length- 
tension or the force-velocity relation- 
ship of a skeletal muscle. Progiam 
available for IBM-PC compatible 
equipment 
PROBLEMS IN FLUID COMPART- 
MENT RE-DISTRIBUTION 
Tutorial covering solution of simple 
problems of fluid compartment 
changes in the face of perturbations. 
Program available for IBM-PC 
compatible equipment 

Scott, Foresman and Company 
1900 East Lake Ave. 
Glenview,IL 60025 
(312)729-3000 

Ai WPTION AND IDENTIFICATION 
Tutorial covering animal adaptation to 
different environments and animal 
identification. Program available for 
Apple II equipment 

CELLS: STRUCTURE AND 

FUNCTION 
Simulation to reinforce basic con- 
cepts of cell stt-ucture, cell functions, 
water movement and concenU"ation 



gradients, and diffusion and active 
transport Program available for 
Apple n equipment 

ECOLOGY 
Simulation dealing with plant popu- 
lation sizes and growth pattern. Avail- 
able for Apple n equipment 

GENETICS 
Tutorial that allows students to ex- 
plore Menders experiments, Punnett 
Squares, sex linkage in fruit flics, :uid 
multiple alleles. Program available 
for Apple n equipment 

HUMAN BODY-STRUCTURE AND 

FUNCTION 
Simulation covering joint movchient 
movement of food through the Jigej»- 
tive system, and enzyme activity. 
Program available for Apple II 
equipment 

MEIOSIS, MITOSIS, PROTEIN 

SYNTHESIS 
Simulation demonstrating m'tosis, 
meiosis, DNA replication, and protein 
synthesis. Program available for 
Apple n equipment 

PHOTOSYNTHESIS AND 

RESPIRATION 
Demonstration and simulations 
dealing with light and dark reactions 
of photosynthesis, respiration, and 
ATP cycle. Program available for 
Apple II equipment 

Simpac Educational Systems 
1105 North Main St 
Suite lie 

Gainesville, FL 32601 
(904) 376-2049 

DIFFUSION AND ACTIVE 

TRANSPORT 
Tutorial covering diffusion, osmosis, 
and active transport in biological 
systems. Program available for Apple 
II equipment 

SHwa EnterpriseSi Inc. 
2360-J George Washington Hwy 
Yorktown,VA 23666 
(804) 898-8386 

CELL CHEMISTRY I 
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Tutorial covering various chemical 
structures. Program available for 
Apple n and IBM-PC compatible 
equipment 

CELL CHEMISTRY II 
Tutorial covering the chemical and 
physical processes that occur within 
cells. Program available for Apple II 
and IBM-PC compatible equipment 

ECOLOGY 
Rote drill reviews and reinforces con- 
cepts of general terrestrial, and aquatic 
ecology. Available for Apple II and 
IBM-PC compatible equipment 

GENETICS 
Tutorial examines DNA molecule and 
progresses to applied genetics. Pro- 
gram available for Apple n and IBM- 
PC compatible equipment 

ZOOLOGY I 
Tutorial covering the general charac- 
teristics, smictures, and functions that 
define the major invertebrate phyla. 
Program available for Apple II and 
IBM-PC compatible equipment 

ZOOLOGY II 
Tutorial covering physiology in the 



Phylum Chordata. Program available 
for Apple n and IBM-PC compatible 
equipment. 

University of Texas System Cancer 

Center 

MDAH 

Box 6 

6723 Bertner 
Houston, TX 77030 
(713) 792-25R1 

CELLGROW 
Simulation of cell kinetics. Program 
available for Apple II equipment 

KILLER T-CELL 
Maze game basf d on the evidence that 
T-lymphocytes dm recognize cancer 
cells as harmful invaders, track them 
down, and destroy them. Available 
for Apple n and IBM-PC compatible 
equipment 

Williams & Wilkins 
428 East Preston Street 
Baltimore, MD 21202 
(800) 638-0672 



ARRHYTHMIAS: CASE STUDIES 
IN MANAGEMENT 
Tutorial covering four case studies 
involving decision making related to 
diagnosis and treatment of 
arrhythmias. Available for Apple II 
and IBM-PC compatible equipment 
ARRHYTHMIAS TUTORIAL I: 
PATHOPHYSIOLOGY AND SUPRA- 
VENTRICULAR ARRHYTHMIAS 
Tutorial dealing with nine different 
aspects of pathophysiology and supra- 
ventricular arrhythmias. Available for 
Apple II and IBM-PC compatible 
equipment 
ARRHYTHML\S TUTORIAL H: 
VENTRICL-LAR ARRHYTHMIAS 
AND HEART BLOCK 
Tutorial dealing with nine different 
aspects of ventricular arrhythmias and 
heait blocks. Available for Apple II 
and IBM-PC compatible equipment 
ARTERIAL BLOOD GASES 
Tutorial presenting a method for 
interpreting arterial blood gases. 
Available for Apple n and IBM-PC 
compatible equipment 



NOTICE 



A limited number of back issues of CLSE have become available for purchase. 
Volumes 1, 2, and 3 are available at a cost of $30.00 per volume (includes 
binder) plus shipping. Address orders to: NRCLSE. Mail Stop RC-70, 
University of Washington, Seattle, WA 98195. 



NOTICE 
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IBM-PC VERSION NOW AVAILABLE. . . 

SIMULATIONS IN PHYSIOLOGY 

- The Respiratory System - 

Harold LModell, Ph.D. 

School of Medicine, University cf Washington, Seattle, Washington 98195 



« Series of 12 Simulations in Respiratory 
Physiology 

• 117 Page Laboratory Manual 

• Designed for use in student laboratory 
and group discussion environments 

• Pictorial outputs designed to provide 
conceptual aid, show where variables 
values are measured, or illustrate the 
model and how it is solved 

• Tabular outputs allow comparison of 
data (rem up to 7 ^experiments* 

• Available for Apple H and IBM^PC 
compatible computers 

• Purchase includes permission to make 
enough copies to supply appropriate 
student populations 



ORDERING INFORMATION 



Ontinn A ^ Apple 11 version 

Disks (Compiled code and source cxxie) 
Documentation 

One copy of student laboratory manual 



.$100 



Option B ' IBM-PC version fuses CGA graphics) 



Disks (Executable source code) 
Documentation 

One copy of student laboratory manual 



.$100 



Option C ' Student Laboratory Manuals 

Quantities of 1-25 $10 each 

Quantities over 25 $8^ each 



Address o^ers to: 



NRCLSE 
Mail Stop RC-70 
University of Washington 
Seattle, WA 98195 



PROGRAM OVERVIEW 



Titig 
MEaiANICS 

Static Relationships 



Dynamic Relationships I 



Work cf Breathing 



Dynamic Relationships 11 

GENERAL GAS fclXCIIANGE 
Alveolar Gas Exchange 



O2 and CO2 Dissociation 
Curves 



MalPriQl covered 

EUslic piopCTties of the lung, 
chest wall, md total lespintoiy 
system 

Effects of lung compUmce and 
aixwty resistance on tidal 
volume development 

Oxygen cost of elastic, resis- 
tive, and total woik duiing 
inspiration 

Respinttoiy dynamics of the 
total respiiatory system 

Gas exchange between atnio- 
sp'iere and alveolar reservoir 

Interrelationships between the 
O2 and CO2 dissociation 
curves 



Exchange from Atmosphere to Influence of alveolar vcntila- 
Tissues cardiac ou^Hit, and ana- 

tomic shunt flow on arterial 
Uood composition and gas ex- 
change at the tissues 

Chemoregulation of Respiration O2 and CO2 response curves 



V^/Q RELATIONSIIIPS 

Gas Exchange in a Single 
Alveolus 



The Non-Umform Lung 



Effects of ventiIation«peifusion 
ratio and inspired gas on ex- 
change in a single exchange 
unit 

Gas exchange from atmosphere 
to tissues with Vy^^ mis- 
matching in the lung 



Gas exchange from atmosphere 
to tissues '-vith Vy^/Q mis- 
matching and a true shunt 

AOD BASE BALANCE 
Acid-Base Balance: Fundamen- Acid-base balance from a Base 
tat Relationsldps Excess viewpoint 



Overall Gas Exchange 
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KEEPING ABREAST OF THE LITERATURE 



The following citations are presented 
as part of a quarterly feature in CLSE 
designed to help readers become aware 
of cunent literature pertinent to com- 
puter applications in life science 
education. 

AbduUa AM et al: Computer-aided 
learning - experiences, perspectives 
and pfomises. i Amer Coil Caidiol 
9(3):678. 1987. 

Anderson MC et al: Use of microcom- 
puter to help teach pathology. J Clin 
Pathol 39(10):1 140-1142, 1986. 

Anderson NC: Future implications of 
videodiscs for the health care and 
medical sciences. Optical Information 
Systems 6(4)332-333, 1986. 

Baker JE et al: Simulating laboratoiy 
procedures. Medical Teacher 8(1):35- 
40, 1986. 

Baker Videoactivc: The Baker Videoactive 
interactive guide to [^ysical examina- 
tion: a level III videodisc libraiy. Opti- 
cal Infomiation Systems 6(4):310-312, 
1986. 

Barker P et al: A practical introduction to 
authoring for computer-assisted instruc* 
tion. Part 7: gra5)hic support Br J 
EducTech 17(3): 194-2 12, 1986. 

Battista-Claderone A et al: Drugs and 
computers ~ they are compatible!... 
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Cardiovascular system function evades 
easy explanations. It is complex in that 
the peripheral vasculature influences 
cardiac function, while a change in car- 
diac function influences the vascula- 
ture. The system is closed, but com- 
plianL There are two pumps that fill 
passively. Cardiac output, the crucial 
variable for each ventricle, depends 
upon venous filling pressure (i)reload) 
and arterial pressure (afterload) as well 
as on tlie heart's contractility and beat- 
ing rate. Memorizing the responses to 
various peimutaticxis of parameters is 
grossly inefficient, if not virtually im- 
possible. There is hope, however, be- 
cause computer simulation provides a 



tool to guide understanding and pro- 
mote learning. Our simulauon, 
CVHUM, has been used for 3 y<*ars 
with our medical and graduate students. 

To develop simulation packages, I 
suggest that the following five major 
facets must be considered. 

1) Specify the OBJECTIVES in terms 
of concepts and relationships to be 
learned. 

2) Develop the MODEL by choosing or 
developing the needed equations 
and parameter values, and show that 
it is reasonable. 

3) Develop the SIMULATION PRO- 
GRAM for the teaching environment 
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by making information input easy 
and output readily understood. 

4) Develop a STUDY MANUAL to 
guide the student along efficient 
learning pathways. 

5) EVALUATE the students* responses 
to the program to discovw items of 
confusion, misinformation, or loss 
of interest 

OBJECTIVES 

In two sessions totaling about 4 hours, 
oiu- suidents are asked to use the car- 
diovascular model to meet the follow- 
ing objectives. 

• Explain changes in cardiac ouq)ut, 
mean systemic arterial pressure, arte- 
rial puise pressure, and blood volume 
distribution that arc induced by 
changes in vascidar resistance, arte- 
rial compliance, heart rate (plot car- 
diac output and stroke volume as a 
function of heart rate), and ventricular 
contractility. 

• Obtain data for, plot, and explain the 
venous-return caiidiac-output rclation- 
shipi 

• Describe the consequences >f left or 
right heart failure; propose and test 
effective reflex compensatory 
changes. 

• Discuss the effects of both systemic 
and pulmonary hypertension. 

• Mimic the cardiovascular effects of 
vigorous skeletal muscle exercise, 
and explain effective reflex compen- 
satory changes that act to mantain or 
restore arterial blood pressure while 
providing a cardiac output of five 
times normal. 

• Describe *e effects of blood volume 
changes on cardiac output and vascu- 
lar pressures, and suggest effective 
compensatory changes to mimic re- 
flex control of the cardiovascular 
system following hemorriiage. 

• Describe and explain the effects on 
cardiac o>'tput and blood pressure of 
increased iiJtraihoracic pressure (by 
either positive-pressure artificial res- 
piration or opening the chest) or a de- 
creased intrathoracic pressure. 

• Predict changes in arterial bluod pres- 
sure (systolic/diastolic) fiom changes 
in various parameters. 



THE MODEL 

To help the student understand car- 
diovascular function, an effective ap- 
proach is to define Hit various modules 
making up the system. Equations are 
almost essential. Cardiac functicMi can 
be described with a ventricular pres- 
sure-volume diagram with the heart al- 
ternating between the curve for diastole 
and that for systole. Integrating these 
modules into a coherent whole is 
daunting. We therefore developed a 
simulation package on a digital com- 
puter that provides realistic data in re- 
sponse to changes in various parame- 
ters. The challenge for this package 
was to keq) the model as sfmple as 
possible while providing enough detail 
to be a'alistic. An earlier model* was 
ultrasimple, showing p^pheral and 
cardiac interactions, but it did not have 
two ventricles or include heart rate and 
stroke volumes computed from end- 
diastolic and end-systolic volumes. 

The model, iinplementing the circuit 
shown in Figure 1, has a left ventricle, 
arterial c>ed, venous bed right ventricle 
and pulmonary bed. Thirteen parame- 
ters, represented by letters in parenthe- 
ses in the figure, can be manipulated. 
The interactions shown in Figure 2 are 



I 

(K) Heart 



(H) C3 
(B) R2 



(G) C2 



(N) Unstressed vascular volume 
(P) Intrathoracic pressure 



implemented. Flow through a vascular 
segment is computed as the pressure 
gradient divided by resistance. Pres- 
sure in a segment is computed as the 
distending volume divided by the com- 
pliance. The distending (stressed) vol- 
ume of a segment is computed as the 
integral of inflow minus outflow. By 
solving these differential equations that 
derlne changing segment volumes, the 
computer provides physically realistic 
patterns of the dynamic changes in 
mean flow and pressure. Euler integra- 
tion in stq)s of 0.06 or 0.3 second is 
adequate. The unusual feature of this 
quasi-dynamic model is the computa- 
tion of cardiac output from stroke vol- 
ume without having to compute the 
flow pulses at millisecond intervals. 
Ventricular outputs arc computed as 
heart rate times stroke volume, and the 
stroke volume is ine differcnce be- 
tween end-diastolic and systolic ven- 
tricular volumes. Cardiac contractility, 
incorporated via the concept of ventric- 
ula*- end-systolic elasiance (E^), de- 
fines end-systolic volume (ESV) as 

ESV = P^/E_ + V 

where, is the end-systolic volume 



(O) Total blood volume 



FIGURE 1. Caidiovascular circuit. The parameters that may be changed are iaentified by 
letters and are displayed on the computer monitor (see ^igure 3^. 
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8P«TPR X CO 
CO«HR X SV 
$V«ENy - ESV 



Arterial Pressure 

TOTAL PERIPHERAL RESISTANCE 



' Cardiac^ Output 



Otroke Volume 
4 



HEART RATE 



p END-SYSTOLIC VOLUME 

- CARDIAC CONTRACTILITY 

- Arterial Pressure (afterload) 



f^END-DIASTOLIC VOLUME 

- Ventricular compliance 
' Filling time (heart rate) 
• Filling pressure (preload) 

■ Intrathoracic pressure 

' Resistance to venous return and filling 

' Skeletal muscle pump and atrial contraction 

- BLOOD VOLUME 

- VASCULAR CAPACITANCE (compliance and unstressed volume) 



FIGURE 2. The CVHUM simulation implcmenis the above relationships for each ventricle 
except for atrial contraction and the skeletal muscle pump. 



with 2 zero afterload This equation 
provides for changes in contractility as 
well as for the influence of aft^Ioad. 

The end-diastolic volume (EDV) is 
computed as the integral of inflow 
minus outflow. Here, outflow is the 
product of stroke volume and heart 
rate. Inflow is computed from the fll- 
Ung pressure gradient, venoas-to-right 
heart resistance, and a constant related 
to iiie duration of diastole and a fllling 
time-constant The effect of increased 
heart rate reducing filling because of 
lack of filling time, is simulated by 
computing the duration of the entire 
cycle at a given heart rate and subtract- 
ing the duration of systole to give the 
duration of diastole. A filling time- 
coiiStant (75 msec) is used in conjunc- 
tion with duration of diastole to attenu- 
ate the effective rate of inflow to the 
ventricle. The filling pressure gradient 
is finm the small peripheral veins 
(mean systolic filling pressure) to the 
ventricidar end-diastoUc i^essure. This 
end-diastoUc pressure, in turn, is deter- 
mined by the ventricular volume and 
compliance. (The response to de- 
creased ventricular compliance, such as 
with ventricular hypoxia, can thus be 
simulated.) 

In looking at the above relationships, 
it appears that the computer is pro- 
grammed to compute a new value 
based on values not yet determined (it 
is attempting to hoist itself by its own 
bootstnq)). By using iteration and 
small step sizes, the equations can be 
solved sequentially, the results are 
reasonable, and the system is stable. 

A pericardium is included to reduce 
the ventricular compliance by 6 times, 
if the computed end-diastolic volume 
of either ven^icle is greater than 175 
ml. (At this level of sophistication, in- 
teraction between the two ventricles 
within a single pericardium is not in- 
corporated.) Intrathoracic pressure 
(normally -4 mmHg) causes the com- 
puted distending or transmural pressure 
of the right hearty lung bed, and left 
heart to be correspondingly greater 
than the pressures displayed. The dis- 
played pressures are relative to atmos- 
pheric pressures. 



In this simplified model, the right 
heart pressure displayed represents the 
end-diastoUc pressure (preload) and 
equals the central venous pressure. 
The venous pressure represents the 
pressure in the small veins and venules 
and equals the mean systemic filling 
pressure. All of the lung blood volume 
is assumed to be in the pulmonary arte- 
rial bed. A more realistic research 
model incorporates a pulmonary vein 
segment and several parallel pOTpheral 
vascular segments, bat for first year 
medical and graduate students, this 
seems to be excessively complex. Ar- 
t^ial systoUc and diastolic pressures 
are computed based on mean arterial 
pressure, stroke volume, arterial com- 
pliance, and heart rate. 

Parameter values of the model were 
chosen to simulate the cardiovascular 
system of a 70 kg person. The model 
has no transc£^iilary fluid shift com- 
pensatory mechanisms and has /i^ re- 
flexes. The student is expected to pro- 
vide these responses by changing the 
appropriate parameters of the model. 
Although reflex compensation is 
blocked, the normal basal tone of pa- 



rameters such as heart rate and periph- 
eral resistance are chosen to be at nor- 
mal resting levels. The "closeness of 
fi*" of the model with biological data 
under various experimental or pathol- 
ogical conditions should be document- 
ed in detail, but this is difficult and 
time consuming. 

THE SIMDLATION PROGRAM 
The model was programmed in BASIC 
and compiled so that it runs a bit faster 
than real time. Figure 3 shows the out- 
put screen for control values. Varia- 
bles are displayed at 0.1 min intervals 
in tabular form. As should be ex- 
pected, changing parameters such as 
total blood volume requires about 0.5 
min to reach equilibrium. If the out- 
flows of the 5 regments are not nearly 
equal, the user is asked tc continue 
computing (Option 1). 

Uc'ng a color monitor with several 
colors readily focuses attention on crit- 
ical parts of the display. Parameter 
values in physiologio^l units are dis- 
played during the process of changing 
parameters (Option 2), but they arc 
usually entered as percent of conuol 
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and diq)layed as percent of contrd. 
(Heart rate changes aie ha^idled in units 
of beats/mln and blood vdume changes 
as ml.) 

At this stage, graphics are not used, in 
part because of difficulty in deciding 
which variables are critical for learn- 
ing, and because it would extend the 
computing time. By choosing Option 3 
at a steady state, all values are display- 
ed as percent of control. Hiis seems to 
be nearly as effective as graphics. 
Messages in contrasting color warning 
of '*life threatening"* situations add 
some realism (Figure 4). 

Making the package easy to use and 
"faculty and student jroor required 
many trials, much eff(xt, and neophyte, 
if not naive, users f(H* testing. More 
than half my effwt was expended on 
this facet of the project 

STUDY MANUAL 
A crucial key to the effective use of 
computei simulations in teaching is a 
weJ-planned laboratory manual. (This 
is no different from student guides for 
animal laboratories.) The biology pro- 
fessor, not the computer scientist, cre- 
ates thistocL After the students are fa- 
miliar with the fundamentals and the 
modd, they can be encouraged to ex- 
plore on their own. We have found 
that asking the students to predict the 
direction of change of various critical 
variables before running the model 
with a parameter :hange induces them 
tothint After makijjg the run, they 
can then check to see if they were cor- 
rect Witii students woridng in groups 
of 2 to 4, discussions are spirited and 
highly fruitful. Even for the experi- 
enced instructor, model response to 
parameter changes may not be obvious, 
especially if the instructor is not famil- 
iar with the effect of volume shifts 
throughout the system in response to 
changes in flow. For example, if the 
systemic arterial pressure is increased, 
the volume of the arterial bed must in- 
crease, and this volume must come 
from somewhere. Computer simula- 
tion, by giving reasonable answers to 
complex problems, provides a valuable 
tool for teaching problem-solving tech- 
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FIGURE 3. Computer display under control conditions. Letters (A to P) are parameters that 
may be changed. 
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Please PRESS 1 to continue computing to reach a steady state 
Continue = t Chng parameters = 2 % Control = 3 Detailed = 4 
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FIGURE 4. Computer display during left heart failure. (Left heart at 20% of control and 
a reflex increase of pcrijrfieral resistance to 200% of control. Becauscthc outflows from the 
5 segments are not equal, the user is asked to PRESS <Option>l to continue computing.) 
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niques of the form: "Given this situa- 
tion, what will happen if I have this 
palhology or use this ther^y?** 

EVALUATION 

The opinions ot the students were 
polled after the 1985 course (Table 1) 
with over 90% agreeing that the mate- 
rials were worth the time and effort re- 
quired In that some found it difficult 
to understand and interpret the manual, 
the printed material was revised and 
improved for both 1986 and 1987. The 
program was also improved in 1986. 

Nearly 90% of these freshmen stu- 
dents agreed that "the simulation was 
sufficient for adequate und^tand- 
ing of the physiological process, and 
the animal laboratory was unneces- 
sary.** Because most of the students 
had had no laboratory experience with 
mammals, these opinions do not allay 
the concern of some instructors that 
students need experience with the proc- 
ess of expmmentation and the scienti- 
fic method, and that there is more to 
learning physiology than that found in 
textbooks, lect^ires, and computer sim- 
ulation. 

The simulation program and the study 
manual shoulu ^ in a form that each 
professor using it can modify, improve, 
and mold to their own needs and style. 
Unlike a book, these teaching tools can 
be easily and effectively changed once 
the major fiamework is provided. 

The Cardiovascular Interaction simu- 
lation package is but one of six used in 
our Medical Physiology course since 
1985. Others, developed by Indiana 
University faculty, include simulation 
packages on N^e Action Potential, 
Skeletal Muscle Mechanism, Gas Dif- 
fusion in the Lung, R^ial Glomerular 
Dynamics Function, and Acid-Base 
Physiology. Student learning has been 
directed via ? conventional laboratory 
manual which offers suggestions for 
experimental approaches and poses 
questions which can be answered "ex- 
perimentally" by using the simulation. 
To encourage discussions, students 



Table L Student evaluation of laboratory simulation. Cardiovascular Interactions. Survey 
results (in percent) from 98 of 142 medical and graduate students after completion of the 
1985 course. Opinions are scaled from strongly agree (5) to strongly disagree (1). 





Agree 








Disag 




5 


4 


3 


2 


1 


The cardiovascular simulation: 












... led to greater understanding 


28 


54 


16 


2 


0 


... reinforced lecture material 


35 


45 


18 


1 


1 


... knowledge was worth the time spent 


27 


39 




6 


3 


... was easy to understand and interpret 


20 


44 


25 


10 


1 


... arimal lab v/ss not necessary 


37 


37 


15 


9 


2 


... was easy to operate 


24 


51 


17 


5 


2 


... complexly was appropriate 


24 


47 


18 


8 


2 


... printed instmcdonal materials were 












... adequate in detail 


17 


47 


26 


10 


1 


... adequate in complexi^ 


17 


48 


25 


6 


3 


... adequate in clarity 


12 


41 


25 


21 


1 



work in groups of 2 to 4 at an IBM-PC 
with color display. To foster analytical 
thinking and problem-solving ap- 
proaches, the students are asked, in 
many of the sessions, to predict the 
direction of response to a parameter 
change before making the run. Un- 
guided experimentation with the model 
by the students, though encouraged, 
has been little used 

Instead of using the simulation pack- 
ages as optional supplementary mate- 
rial for lectures, we expect all of the 
students to use them. In addition, we 
have a 1-2 hour discussk)n period with 
the students to review the results Ani- 
mal experiments have been eliminated, 
except for several in which the students 
are the subject, such as ECG, pulmo- 
nary function, and exercise. With the 
high predictability of results and simul- 
ation laboratory manuals that elicit 
thought and discussion while using the 
models, laboratory discussion periods 
are not as fruitful for the simulation 
laboratories as those conducted after 
animal experiments. 

The project, initiated by the Depart- 
ment Chairman, Dr. Rodney Rhoades, 



was supported in part bv a joint venture 
with the IBM Corporaiion and involved 
several members of the Department. 
Because developing a complete simula- 
tion package can easily consume 200 
hours of effort, even for an experienced 
author, appreciable adminstratlve en- 
couragement is needed for most faculty 
members to embaric on such a project. 
The program and manual for the car- 
diovascular interactions simulation 
(CVHUM) are available for evaluation 
from the author. Please include a $10 
check made out to the Indiana Univer- 
sity Foundation to cover the cost of a 
diskette and the manual. 



The author gratefully acknowledges the support 
of the Academic Information Systems Division 
of the IBM Corporation, the help and sugges- 
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Helen Glancy, and the support of NIH gran' 
HIj07723. (llie model has been expanded for 
'eseardi purposes.) 
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A GRAPHICS ORIENTED DATABASE FOR ANATOMY 
AND PHYSIOLOGY 

Nelson V/estmorland 

College of Veterinary Medicine, Mississippi State University, Mississippi State, Mississippi 



The Mean Electrical RkIs of the Heart 

fl Measure cf Size, Shape and Position 

DtfwitYon - Tht tUctrical «ct:Yity of thf hf»rt products many pcUntials tn many dir*cticn 
m 4 thrff dvnen^iona* fuld Thf m# >n ax'S is th» averig* direction durng th# cardiac 
cyclf. b « frontal plan* it can b» tstimattd from ECG data 

-90* 



Normal Ax^s 70* - Rang# 40* to 1 00* 
L<'t Axis Dfviation - Clinical Sigmficanc** 



Right Axis Deviation - Clinical Significance^ 

Leads 

J.#ad I ^ 

uad n > Bipolar Slondord Leads 

Le .d III J 

UadavR ) Augmented Unipolar 

Uad aVt . . ^ ^ 

uad avF J LimD Leads 
Measurement Methods 

IsofWctric Uad 
Uad with largest n«t 0R£ d*n«ction 
Two l*ad mfthod 




FIGURE 1. This file shows several methods to measure the Mean Electrical Axis of the 
heart It also shows the standard ECG limb leads. 



The Mean Electrical Rkis uf the Heart 

fl Measure of Size. Shape and Position 

D#f»n)tion - Th» tUctncal activity of th* h#art products many potentials in many directions 
Wi a three dimens on<l field The mean axis is t he average direction during the card:ac 
cycle In a front! Ism ECG data 

Norm#l Axis •« 70* 
Left Axis Deviati 
Right Axis Devi«/io 

Leads 

Lead I 




Lead aVR 
LeadiVL . 
Lead aVF J 

Measurement Methods 

Isoelectric lead 
Lead with largest net QRS deflection 
Tmto 1«ad method 



FIGURE 2. Lead II has been selected from the screen in Figure 1. This causes a "pop up" 
showing the connections for this lead. The selecUon is also highlighted on the original screen. 



For the past three years, students enter- 
ing the College of Veterinary Medicine 
at Klississippi State University have 
been required to purchase microcom- 
puters.^ Our long range goal is to make 
the computer an extension of memory 
so that our veterinary training can pre- 
sent fewe*.' facts for memorization. We 
would like tc ^)end more time training 
the student in problem solving and to 
be accurate, reliable and thorough. 
The amount of information that a 
medically trained person needs to know 
keq>s expanding, yet the training pm- 
od does not If the computer can be 
used primarily as a memory extension 
and secondarily as a training tool, we 
can change the focus of our instruction 
rather than the method. 
This goal makes database manage- 
ment our first priority. If the use of 
this database also teaches the students 
some facts, we certainly will be pleased 
that secondary computer aided instruc- 
tion has occurred. 
The Macintosh microcomputer was 
chosen because it can be used for mul- 
tiple applications with less initial train- 
ing. It has also been a good choice be- 
cause of the way it handles graphics. I 
teach anatomy and physiology, and 
there is a great deal of information in 
these disciplines which cannot be 
stored efficiently without diagrams. 
Telos So^'tware Products (3420 Ocean 
Park Blvd, Santa Monica, CA 90405- 
3395) markets two programs. Revi- 
sion and Business Filevision, that man- 
age flies, each record of which can be 
selected as a cursor points to an object 
entered on the monitor screen. The ob- 
jects on the screen can be text, graphics 
or mixUires. In fact, a single object can 
be a labeled diagram. In Business Fiie- 
visiwi, the newer program, the fields of 
the record can contain diagrams or text 
The objects on the monitor screen are 
organized by "type" so that each type 



could be cwisidered a "database*" file. 
A number of types can be included in 
each screen, and each screen becomes a 
Macintosh file. The purpose of this 
article is to illustrate some of the capa- 
bilities of this software. 



The diagram shown in Figure 1 is the 
Macintosh file organized to show sev- 
eral methods that can be used to calcu- 
late the mean electrical axis of the heart 
of a dog. Figure 2 shows the screen 
after the student selects Lead II (one of 
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I Two ittdmtthod 



# File Edit Types Tinker U»k1 SijrrihoK linrs sri<Kl(H 



1^ 5 Tht o«t ttf Itcticn m Le«J I y. .n Ih? t'ttytan 

Mlow and th« ntt dt;itction tn l»«c 9VF t, juid b« TNi» ih« 



5 Tng mtthod i( wt utt tht CCG 
tracings inown in iht 'largest ntt 
dtdtctiOA' txomoit itid wF i>«t e 
ntt dtdtction Of 22*5« t7 and itod t 
hos 0 ntt Ctdtction of 25 'Ss 18 SO 
the mton eiectnctl axis s arctan 
t7/t8:«43* This isvtrvntar trtt 
•JO* wMci wt tsttmattd Ov im 
athtr mttftoJ 



nonij CCG d00*9 hove tadlt9 wttich havt net deflections of 
leads I and til cross referenced so oH ^ou need do 'S look for 
the mean etKincal axJS which corresponds to tne two net 
volues m thetaOle 



FIGURE 3. Record accessed by selecting 
'Two lead method" in Figure 1 screen fol- 
lowed by selecting the •'Lifo" box. The 
field labeled "definition" is a diagram. 

the standard electrocardiographic 
leads) from the screen in Figure 1. In 
this display, created with Business 
Filevision, a ''popup" diagram has 
appeared showing how the leads are 
connected. 
Figure 3 shows the record displayed 
when the student selects 'Two lead 
method" from the Figure 1 screen. In 
this case, one of the fields Oabeled 
definition) of this record is a diagram. 

ELECTRONIC DISSECTION 
The software allows fields in a record 
to be highlighted or hidden. In Figure 
4, the St. dent has chosen all the mus- 



SH(Il) .Din nsi) fMUU.HIUM 



Ww*'-* 



In*-! ^ « .J* -I J Ki* \ 

Intnns'K 



J i-.:a-..t.t IbrachUlisI 

|r| , - |wr 





muscle: (3 highlighted) 



[[lnraj[link)| 



FIGURE 4, Example of highlighted display. This screen is the result of a search of the 
innervation field for all muscles innervated by the musculocutaneous nerve. 



cles innervated by a specific* nerve. The 
location of the muscles are highlighted 
in the diagram portion of the screen. 
Sinc« all objects of a specific type can be 
"hidden," electronic dissection is 
possible. This is illustrated in Figure 5. 

fflERARCHAL STRUCTURES 
An object can have a separate Macintosh 
file linked tu it so that a hierarchal 
structure 'S created. By selecting the 



object named radial nerve in the left 
panel of Figure 6 and then selecting the 
LINK box, the information shown in 
the right panel of Figure 6 can be ac- 
cessed. In this way it is possible to 
cover a subject broadly in early files 
and then branch to more detail in the 
later files. 

I have approximately 50 anatomy and 
physiology files in the musculoskeletal 
and alimentary systems that I am wil- 



# Fill Edit Typet Tinker IkhI Ntimtiou Unt's snct<ic» 




pgTI a«wn ttw tvp«f 
^mttr ftr 



muscles of the Canine 
Thoracic Limb and 
Shoulder 



total) 



[info) [l Kifc ) 



# FMe Cdlt Typc< Tinker Kmii St>>nh<u* tint'\ stiti(lc*% 




strip <N» 

()>« sup mwf , (htn 
CNftSt H>4« Th«st 
T«^tr stripfH 



muscles of the Canine 
Thoracic Limb and 
Shoulder 



i (rrcvl (N>'xt] superftc m (15 hidden) 



infn j fluik 



FIGURE 5. Screens demonstrating electronic dissection capability. In this file, the muscles were entered as separate types from the deepest 
layer to the most superficial. Left Panel: This screen shows all types in the file. Right Panel: Screen resulting by selecting Superficial 
Muscles from the TYPE menu and Hide These from the TINKER menu. The dissection can continue by selecting successively deeper layers 
to "hide." The original screen is restored by choosing Show All Types from the TINKER menu. 
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^ Ul9 Cdit Typti Tinker 




N«rvt$ wUh rilts Hnktd to Ihtm con 
b« found by clicking on this messogt 

|Scri0in« or last 3 cranial, Ctrulcal Names and Brachial pieNus 



[jPr«vlfN>xn|n>rv> (40 totol) 



j_Jjlt Edh Typti Tinker rcid SgrntiuU ttn»»x Xhci dH^ 

fluscles Innwrvi^^ gg 




trtc»ffi Action 



4*&«Kt 4HI 

Area 



4M-I4I ewwMn difHal (11.111, JV) Q 
ewMtwn 4%Tt4l (0 O 



l4«tr»«tiMi 91 thm Badiai Nm^m 



seniPry- (5 lolel) 



SSi5^,i fnlvt °^'^'^!'^ capability. Left panel: TTiis screen shows the sources of the brachial plexus. If the radial nerve is 

£t^iSS^I^^r^^^-^ ''f*^- ^ H^K is th« selected, the "Distribution of the Radial Nerve" file b opened a^ S^^Tn 
Se rSn^i j:^!^^^' "^'^ "^"^ ^e-ory areas inne^ted hy S of 



ling to share if you send me blank 
disks. You will need the Business File- 
vision program to access the files. 
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COMPUTER-BASED LABORATORY 
EXERCISES 



Michael Wang and James Heckman 

Departmeru of Physiology » Temple University Medical School, Phildelphia, PennsyLania 



There has been a dramatic decrease in 
ihe number of live animal L boralories 
presented in Medical School Physiol- 
ogy courses during the last ten years.^ 
A number of factors have contributed 
to this decline. Costs have become un- 
acceptably high, teaching faculty have 
been reluctant to spend the time neces- 
sary to prepare and present high quality 
laboratory exercises, students and soci- 
ety in general have objected to the use 
of live animals in teaching laboratories, 
and perhaps most importantly from an 
educational point of view, many of the 
physiological phenomena that need to 
be illustrated in a modem laboratory 
exercise are beyond the technical capa- 
bility of medical students to perform 
during a single laboratory period. 

At Ten?ple Medical School, we have 
adapted tO the loss of animal experi- 
ments in three ways First, we have 



maintained and placed increased em- 
phasis on experiments involving human 
subjects. During these laboratory ses- 
sions, students learn tasks such as how 
to record EKGs, take blood pressures, 
listen to heart sounds, and perfonn pul- 
monary function tests while paying 
particular attention to the procedures 
by which accurate data collection is 
accomplished. Second, we have intro- 
duced workshop sessions in which stu- 
dents discuss the reduction and analysis 
of data. In these sessions and in the hu- 
man subject laboratories, small group 
discussions are used to increase the stu- 
dent's ability to draw inferences from 
their observations and defend their 
opinions. 

Finally, we have begun to introduce 
computer-based laboratories. One of 
these. The Muscle 1Mb, is described in 
this article. 
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DESIGN CONCEPT 
There are at least two ways to present 
laboratory exercises by computer. In 
one, the physiological phenomena are 
simulated via an algorithm created by 
the programmer. Students are then 
able to manipulate various parameters 
and observe the effects these alterations 
have on measured variables. Since the 
equations are written to simulate the 
slate of the organism, students are often 
free to choose any values within the 
boundaries of the formulae. A detailed 
description of this type of program has 
been reported recently by Carl Rothe."* 
The cardiovascular system laboratory 
created by Nils Peterson and his col- 
leagues^ is another fine exampl'*. of this 
type of laboratory simulation. 

An alternative method is for the pro- 
grammer to preselect the range of val- 
ues available for manipulation by the 
student Although this produces a less 
flexible program, it is far easier to cre- 
ate. We have chosen this latter alterna- 
tive for the muscle lab and for the other 
programs now under development by 
our department. This method has been 
chosen not only because it can be pro- 
duced quickly, but also because of the 
heavy use of animations in our pro- 
grams. Animations require large 
amounts of memory, and it is simply 
not possible to store enough images to 
produce all the animations a student 
may wish to observe. 

Fortunately, the instructional objec- 
tives of computer-based laboratory ex- 
ercises can be met quite nicely without 
having to produce an accurate simula- 
tion of the experimental system under 
study. 

METHODS 

The Muscle Lab demonstrates the ef- 
fect of preload on the force of an iso- 
metric contraction and the effect of af- 
terload on the velocity and extent of 
shortening in an isotonic contraction. 
The student selects a preload from 1.5 
to 3.5 microns (in 0.1 micron steps) by 
striking the arrow keys. The anima- 
tions show the muscle stretching (the 
sarcomeres lengthening) while an os- 
cillographic recording on the left of the 
screen shows the passive tension in- 



creasing. When the desired prctoad is 
reached, the student 'stimulates the 
muscle and observes both the increase 
in tension on the oscillograph record 
and the animation of the actual muscle 
contraction. The animation shows the 
internal shortening of the sarcomeres 
and the lengthening of the series elastic 
component (SEC) of the muscle. The 
greater the force of contraction, the 
greater the internal shortening and the 
greater the lengthening of the SEC. 

After the contraction is produced, the 
arrow keys are used to place the cursor 
at the peak of contraction. At this 
point, the student presses the 'record' 
key, and the passive and total tensions 
are recorded on a graph of tension ver- 
sus preloac'.. When the student indi- 
cates that enough values are collected, 
the passive tension is automatically 
subtracted from the total tension to 
yield active tension, and a line is drawn 
through the data points. The student 
then has the opportunity to collect 
more points or correct any errors in the 
data. 

In the isotonic experiment, the pre- 
load is set at 2.2 microns, and the after- 
had is varied (Figure 1). When the 
student 'stimulates' the muscle, the 
animation of the isotonic contraction is 
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observed along with the oscillographic 
record of the change in length and 
force that occur during the contraction. 
The animation illustrates the increase 
in internal shortening (and the increase 
in SEC lengthening) that accompanies 
an increase in afterioad (Figure 2). 
When the contraction is complete (Fig- 
ure 3), the student measures the ve- 
locity of shortening (by entering the 
change in length occurring in a given 
time into the computer) and records the 
result on a graph of load versus veloc- 
ity. The maximum velocity is deter- 
mined by extrapolation to zero load. 

The images for the animation of the 
muscle are drawn using PC Paintbrush 
and then automatically converted to a 
digital array using a program created 
by one of us (J.H.). The images are 
stored in a RAM disk as individual 
files. During the execution of the ani- 
mation, the array is transferred from 
the RAM disk to a buffer and then to 
the video memory area of the PC. This 
can be done with sufficient speed to 
create true animations with very few 
images. The oscillographic records are 
produced on the computer screen in the 
Interval between the retrieval of indi- 
vidual images sc it appears that the two 
are occurring simu^uineously. 



Choose Afterioad 5 
please wait . 



■ • • ■ 



Press 



*s' to stiHulate 



pr TT J T T T T I T TTT p T T T j TTTTpTTrpTTr 

Tine <Hsec> 

FIGURE 1. In the isotonic portion of the experiment, students are asked to select an 
afterioad and stimulate the muscle. 
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FIGURE 2. During stimulation, the SEC stretches and sarcomeres shorten until the force on 
llie muscle begins to shorten. The oscilloscopic tracings show the ch?ngc .n force and hngth 
that occur during the stunulation. 



DISCUSSION 

The Muscle Lab is conducted in ihc 
same manner as an animal laboratory 
would be carried out. Students are 
given a laboratory manual describing 
the experiments to be carried out and 
the data to be collected. The class is 
divided into groups of 16 with four stu- 
dents assigned to each computer. 
There is ample time during the labora- 
tory period for students to discuss the 
resiil;^ among themselves and with 
Ihc^*- ' r^Diictors. 

Stut.«-.'.: laboratory exercises may 
serve multiple purposes^ They can 
provide students with the opportunity 
to plan and carry out experimental pro- 
cedures, to manipulate and observe the 
behavior of living tissue, to become 
familiar with the technical aspects of 
recording data, and to engage in prob- 
lem solving exercises. Although com- 
puter-based experiments may provide a 
means of achieving some of these 
goals, it is fair to ask whether they are 
a legitimate substitute for live animal 
experiments. 

The answer depends on the ultimate 
aim of Physiology education. If labor- 
atory exercises are designed to expose 



students to living organisms or tissues, 
then computer-based experiments are 
not an acceptable substitute. However, 
if laboratory exercises include among 



their purposes the opportunity for stu- 
dents to observe the results of physio- 
logical experiments (as opposed to 
reading about them), lo draw conclu- 
sions about the data, and discuss their 
observations, then computer-based ex- 
periments become a viable vehicle to 
achieve these goals. 

We found that students approached 
The Muscle Lab animations as they 
would an actual experiment. The 
questions raised about the experiments 
were similar to those asked when stu- 
dents used frog muscles as an experi- 
mental model, there were no artifacts to 
'explain away', and the discussions 
were just as thorough. Moreover, the 
students could observe events such as 
the internal shortening of the sarco- 
meres and the lengthening of the SEC 
that could only be talked about when a 
*real' experiment was performed. 

Our experience with The Muscle Lab 
was very positive, and we are currently 
in the process of animating several 
other laboratory exercises. We expect 
that ihs combination of problem solv- 
ing workshop sessions, human labora- 
tory exercises, and computer-based 
experiments will accomplish all the 
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go.i!s set for student laboratories in 
Physiology. 

REFERENCES 

1. Greenwald OS: Survey on use of 
animals in teaching for association of 



chairmen of departments of physiology 
(AIX:P), 1984. 

2. Modcll H: Editorial coniment: the role of 
computers in the student laboratory. 
Computers in Life Science Education 4: 
25-30. 1987. 

3. Peterson NS. Campbell KB. Hopkins RH. 



Feiner SA: An integrated cardiovascular 
teaching laboratory. The Physiologist 
28(5):447.448. 1985. 
4. Rolhe CF: Cardiovascular interactions - 
a simulation package to help learning. 
Computers in Lite Science Education 
4:49-53. 1987. 



EXPERIMENTAL DATA SIMULATIONS IN 
BIOLOGY 

James W. Eckblad 

Department of Biology, Luther College, Decorah, Iowa 



In recent years, a number of computer 
programs have been developed that 
attempt to simulate natural systems. 
These have often been designed to help 
students learn about the behavior of 
systems by modifying the values of 
variables or coefficients that are built 
into mathematical equations. Graphic 
displays, animation, and student tutori- 
als have often been included. Although 
many of these programs are based upon 
sound pedagogy, their structure too of- 
ten fails to 1) let students participate in 
planning experiments, 2) provide stu- 
dents with the sense of discovery so 
important in developing an apprecia- 
tion for actually doing science, and 3) 
include the variety of experiments 
appearing in the recent biological 
literature. 

The possioility that students could use 
the computer to design experiments 
testing current concepts in the life 
sciences was the motivation for devel- 
oping a series of data simulation pro- 
grams. Furthermore, it was felt that 
experimental situations could be con- 
sidered on the computer that would 
otherwise be impossible given the con- 
straints of an undergraduate curricu- 
lum. For example, the computer could 
be used to study the mid-summer oxy- 
gen profile in Lake Mendota, therecol- 
onization of Krakatau, or the oxygen 
consumption in mountain climbers. 

The goals in developing these data 



simulations were to: 

• Provide undergraduates with a chance 

to participate in tiie design of an ex- 
perimental situation including the 
formulation of hypotheses; 

• Simulate selected classical experi- 

mental studies as well as experi- 
ments that appear in the recent 
biological literature; 

• Provide each student with data com- 

parable to that obtained by investi- 
gators who have published about 
that system; 

• Encourage student analysis of experi- 

mental data, but make provisions to 
supply instructors with a complete 
analysis (analysis of variance & 
regression analysis); 

• Encourage students to compare their 

interpretations with those of the 
original investigators. 

RATIONALE FOR SIMULATIONS 
A major philosophical perspective be- 
hind the development of these simula- 
tions was that the computer should not 
shield students from the trouble of 
thinking. Also, the programs were not 
designed to provide the conceptual 
framework for the experiments being 
simulated. This was to be left to the 
instructor or to the student through his 
or her own reading. It was felt that this 
would increase the variety of ways 
programs could be used with students 



of different scientific backgrounds and 
would help balance the unfortunate 
view that one turns to the computer for 
the interpretation of data. The analysis 
of data, or in this case, the generation 
of data, was felt to be a more appropri- 
ate role for a machine controlled by 
silicon chips. 

Another important consideration in 
designing these simulations was the 
recognition that when experiments in 
the life sciences are repeated, they do 
not produce exactly the same results. 
This feature was incorporated into the 
design so that simulated experiments 
by different students, or the same stu- 
dent at different times, would result in 
unique sets of data. In addition, the 
variability between separate replicates 
within the same experiment was de- 
signed to correspond to what would 
usually be observed for that living 
system. 

The mathematical equations needed 
to simulate empirical relationships 
taken from the scientific literature can 
be rather complex. However, that 
complexity is not apparent to the user 
of these data simulations. Students can 
use the simulated data with established 
mathematical models of the systems 
being studied. However, in many 
cases, there are no accc.:)tcd mathemati- 
cal models which describe these exper- 
imental systems. The principal focus 
of these simulations was to use experi- 
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mental data to discover relationships 
between variables rather than to be 
concerned about the mathematical 
manipulations used to generate these 
data. 

ROLE OF THE INSTRUCTOR 
These simulations of experimental data 
were designed to be used under the tu- 
telage of an instructor. It was recog- 
nized that instructors might want to use 
these simulations in a variety of ways. 
To help accommodate these differ- 
ences, several instructor options were 
incorporated into each program. First, 
an instructor can select the type of data 
summary display seen by students. 
The programs provide the following 
three display types. 

1) No data summary is presented. 

2) A brief summary including a mean 
and standard deviation is presented. 

3) No data summary is presented after 
each simulation, but a more com- 
plete summary (including analysis 
of variance and regression analysis) 
is provided after ali ^^imulated data 
have been displayed. 

Second, an instructor can adjust how 
much variation occurs between repli- 
cate simulated values by changing the 
size of the sample standard deviation. 
These instructor controlled options are 
specified before students begin using a 
simulation. 

Data upon which each simulation is 
based is taken from the scientific liter- 
ature, and citations are included in the 
program manual. A number of the ex- 
perimenir are also discussed in various 
textbooks. InsUiictors will usually 
want to provide some appropriate back- 
ground information concerning the sys- 
tems being examined. A few experi- 
mental questions about each system are 
suggested in the program manuals. 
These should assist in the formulation 
of testable hypotheses. 

There are at least three different ways 
these simulations can be used with stu- 
dents. First, an instructor can have the 
program generate hard copies of indi- 
vidualized data sets and then distribute 
these to students for analysis and inter- 



pretation. Usually, data summary type 
3 would be specified in this mode, and 
the instructor would retain the analysis 
summary for comparison with the anal- 
ysis completed by each student. When 
used in this fashion, the insUiictor spec- 
ifies the particular independent vari- 
able, the number of replicates, and, 
probably, the hypothesis to be tested. 
This simple use of a data simulation 
helps determine if students are able to 
do an appropriate statistical analysis of 
experimental data. 

In a second use of data simulations, 
the instructor suggests an hypothesis to 
be tested, but students obtain their own 
data sets from the computer. Students 
are required to make more decisions in 
this case. They need to specify which 
independent variable is considered, 
what levels are to be studied, and the 
number of experimental replicates at 
each level. In this case, the instructor 
would not have a paper copy of the 
data analysis summary, and the student 
data summary display could be either 
type 1 or type 2. 

An even more open-ended use of 
these simulations occurs when students 
formulate their own hypotheses, speci- 
fy the experimental conditions, and use 
the computer to obtain the simulated 
experimental data. These data are then 
analyzed, decisions are made about the 
validity of hypotheses, and additional 
data may be needed for a more in depth 
study of the characteristics of this sys- 
tem. Instructors might continue to 
guide this int/jiry process by providing 
appropriate biological information 
about the system, and they may refer 
students to the cited scientific literature 
for comparison with the conclusions 
reached by the original investigators. 

SIMULATIONS CURRENTLY 
AVAILABLE 

There are five separate disks in a series 
of experimental data simulations in 
biology, each with 25 distinct experi- 
ments per disk. The following disks 
are available in versions that run on the 
IBM-PC and compatibles, the Apple II 
series, or the Macintosh series of 
computers. 

• Ecological Data Simulation 



• Aquatic Ecology Data Simulation 

• Physiological Data Simulation 

• Animal Behavior Data Simulation 

• General Biology Data Simulauon 

Each disk is available from Oakleaf 
Systems, PC Box 472, Decorah, Iowa 
52101 and includes a program manual 
and backup disk at a cost of $59.95. 

EXAMPLES 

Lake Mendota oxygen values 
One of the systems often considered in 
ecology or limnology classes is the 
concentration of dissolved oxygen at 
different depths within a lake. Students 
can obtain these measurements 
directly, but it is usually not practical 
to have them obtain data during differ- 
ent months of u.z year. Data originally 
obtained for Lake Mendota in Madi- 
son, Wisconsin, during the months of 
May, June, July, and August were used 
in developing the simulation of Uiis 
system. Students using this simulation 
(included on the Aquatic Ecology Data 
Simulation disk) must specify the sam- 
pling month, sampling depth, and how 
many replicate samples are to be taken 
at that depth. During a single experi- 
ment, samples can be taken from up to 
15 different depths. Ifa student se- 
lected the month of July, with samples 
at five depths (1,5, 10, 15, and 20 
meters), and three separate samples 
from each Jepth, the program would 
produce 15 simulated values of dis- 
solved oxygen. These data could be 
displayed on the screen, sent to a print- 
er, or represented as a scatter plot like 
the one shown in Figure 1. 

Students could use these data, and 
similar data from other months, to ad- 
dress the following types of questi JhS. 

• At what depth does a metalimnion 

develop? 

• At what depth does the greatest dif- 

ference in oxygen levels occur be- 
tween May and June? 

• What type of oxygen profile is pre- 

sent in May and in July? 

• Is there a significant difference in 

oxygen levels in the upper 5 meters 

during the month of June? 
With some questions raised, students 
may find they require additional data; 
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FIGURE 1. Scatter plot of data for dissolved oxygen values from five depths during July in 
Lake Mendota. Depth-oxygen profiles of this type are often rotated 90 degrees and displayed 
with depth along a vertical axis and oxygen as an upper horizontal axis. 



what biologist hasn't experienced this 
situation. Taking more samples with 
this simulation program won* I yield 
exactly the same values, but the same 
patterns will persist 

Old-field succession and plant cover 
The secondary succession in vegetation 
that occurs in abandoned fields is 
usually considered in ecology classes. 
This can be difficult to observe over 
just a few years, let alone during a one- 
semester course. This simulation is 
based upon relationships taken from an 
analysis of 22 fields ranging in age 
from 1 to 56 years since abandonment 
as reported by Inouye et al.^ It is one 
of the programs included on the Eco- 
logical Data Simulation disk. 

Students select from one of four cover 
types (Nonvascular plants. Vascular 
plants. Bare ground, or Litter), enter 
different field ages in years (from I to 
60), and specify the number of differ- 
ent fields of the same age sampled. 
The percent cover for each field is then 
simulated with data displayed on the 
screen, sent to a printer, or represented 
as a scatter plot Various questions to 
be addressed might deal with which 
cover types increase their percent cover 
as succession continues or whether the 
percent cover by litter changes as suc- 
cession continues. 



Adrenalectomy and salt-gland function 
in ducks 

The avian salt glands are commonly 
considered when topics on osmoregu- 
lation are covered in an animal physi- 
ology class. Osmotically sensitive 
neurons in the hypothalamus, plus 
input from peripheral osmoreceptors, 
activate parasympathetic pathways to 



the salt gland directly and to the vessels 
supplying blood to the salt gland. Pi- 
tuitary secretion of ACTH» which stim- 
ulates release of corticosterone from 
the adrenal medulla, is also activated. 
This interesting system is usually be- 
yond the scope of direct laboratory 
activity in an undergraduate physiology 
class, but is easily investigated as a 
data simulation. A simulation based 
upon relationships presented by 
Thomas and Phillips,^ who considered 
the effect of adrenalectomy on salt- 
gland secretion in the duck, is one of 
the programs on the Physiological Data 
Simulation disk. Students can obtain 
simulated data on the rate of salt-gland 
secretion during an infusion of 10% 
NaCl into the blood under conditions of 
no removal of the adrenal gland, ad- 
renalectomy, and adrenalectomy fol- 
lowed by corticosterone replacement 
therapy. After students obtain the data 
under the three different experimental 
conditions, they should be asked to 
describe the physiological functions 
that help explain any differences 
observed. 

Starling flock size and vigilant time 
The tendency for social behaviors and 



TABLE 1. Simulated data as it would appear when sent to a printer. This illustrates data 
display type 3, where no data sumrriary is displayed for the student. 
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TABLE 2, Data summary for ihc data given in Table 1. This summary would usually be 
retained by the instructor. 

0«ta suRMKary for* Xitnm vigilant (s«c per min) 

Mean Stand. Dev. 

Uhen Starling flock size: at midway - 10 24.0 6.3 

Uher% Starling flock aizet at midway ■ SO IS.S 4.5 

Uhen Starling flock size: mt midway » 100 14.5 3.0 

Uhcn Starling flock sizei at midway - 150 9.3 2.2 

Uhen Starling flock size: at midway - 200 7.5 6. £; 

Testing for squality o* the 5 means using One-w£.y Analysis Of Variance 

SOURCE Df SS MS F 

Between 4 668.8 167.2 7.4256105 

Within 15 337.75 22.S16667 

Total 19 1006.55 

F-~value indicates that means are significantly different (p(0. 01) 

Comparing data to least-squares linear equation .... 

Y » 22.387782 -.080762565 < X > * 

Testing if the slope * 0 using One-way Analysis of Vai'iarice 

SOURCE Df SS MS F 

Regression Y on X 1 602.16568 602.16568 26.803665 

Unexplained 18 404.38432 22.465796 

Total 19 1006.55 

F-value indicates slope is significantly different (p<0.001> from zero 

Coefficient of Determination <r2> » .S9824716 
Correlation Coefficient ir) - -.77346439 



their adaptive advantage are topics 
discussed in a course in animal be- 
havior. The studies reported by Jen- 
nings and Evans^ dealing with flock 
size and position within the flock ver- 
sus lime starlings had their heads up 



and were watching for poiential danger 
(lime vigilant) were used lo develop a 
simulation of this system. This is 
included on the Animal Behavior Data 
Simulation disk. To illustrate how an 
instructor might supply students with 



data for analysis, simulated data for 
time vigilant for birds midway in the 
flock with 5 different flock sizes, is 
shown in Table 1. Data display type 3 
was specified, and there is no data 
summary provided to the students. The 
complete data summary (Table 2) is 
retained by the instructor. Ii shows that 
overall mean limes watching for 
potential danger were significantly 
different (P<0.001) for different flock 
sizes, and these differences can be 
expressed by the linear regression of 
time vigilant on starling flock size. 
Each student would have a unique data 
set and should arrive at slightly 
different regression equations, but 
general trends would be similar. 
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USE OF COMPUTER ASSISTED 
INSTRUCTION - INTERACTIVE 
VIDEO IN BASIC MEDICAL 
EDUCATION 

Ronald R Jensh 

Departments of Anatomy and Radiology^ Jefferson Medical College, Thomas Jefferson 
University, Philadelphia, Pennsylvania 



Computer assisted instructional mater- 
ials have been available for a number 
of years at various educational levels. 
Only recently have such materials be- 
come available to medical educators. 



particularly in the basic sciences. 
There is still a paucity of educational 
programs for medical students, and 
medical schools are only now begin- 
ning to realize the potential that com- 
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puters offer (or enhancing the educa- 
tional experi^ce of the student Al- 
though a medical student's knowledge 
of typing skills is a preser . concern, an 
increasing amount of computer in- 
struction and daily use of computers in 
the early years and in undergraduate 
courses should lessen this problem with 
each succeeding freshman class.^ In 
1980 there were less than 100,000 
computers in U.S. schools. Today it is 
estimated ^hat more than half a million 
computers are in use. For many col- 
lege students, computers are as com- 
monplace as textbooks.* However, 
there are still a considerable number of 
college graduates with only minimal 
computer experience. Using computers 
as an educational tool not only facili- 
tates student education, but also intro- 
duces the students to computer related 
tasks that will be pait of their daily 
professional life aft^ graduation. 

Until very recently, the use of com- 
puter technology in morphologic sci- 
ences such as anatomy and pathology 
has been limited because computer 
generated graphic rei^esentation could 
not address the objectives of these di.s- 
ciplines adequately. Development of 
the videodisc and the capability to in- 
terface the disc player with the com- 
puter has resulted in the ability of edu- 
cators to manipulate photographic ma- 
terial freely and i^eprogram tutorials, 
reviews, self assessments, and tests. 
Each side of a videodisc is capable of 
storing 54,000 photographic images, 
and access to any one frame is imme- 
diate. The purpose of this study was to 
create self-paced tutorials on selected 
topics in histology using computer- 
assisted-instiuction interactive video 
(CAI-IV) techniques, and to determine 
student reaction to this type of educa- 
tional experience. 

THE WORKSTATION 

The video workstation consisted of an 
Apple //e omiputer (64K memory) 
with two 5.25" disk drives, a 2Jenith 
Data Systems 12" monochrome moni- 
tor (Model ZVM-121), a Sony Trini- 
tron 13" color monitor (Model KV- 



13 1 ICR), a Pioneer LD-VIOOO Video 
Disc Player, and a Video Microcom- 
puter Interface card (Allen Communi- 
cations, Inc.). Since the first three 
items were readily available, the addi- 
tional cost to set up the workstation 
was under $1200. The workstation was 
on a mobile cart that could be taken to 
the student laboratory when appropri- 
ate. The first year class of 223 medical 
students at Jeffereson Medical College 
of Thomas Jefferson University was 
given the opportunity to use CAI-IV 
tutorial programs as part of the first 
semester course in histology. 

A videodisc had been produced as a 
generic library containing several hun- 
dred photomicrographs of histologic 
sections from the author's collection. 
A simple, but effective, English lan- 
guage authoring system was created to 
allow faculty members to quickly and 
efficiendy design an interactive video 
tutOTial with a minimum of computer 
related experience. Using the author- 
ing systOTi, two self-paced CAHV^ 
tutCMials were created; Histology of the 
Respiratory System and Histology of 
the Integumentary System. A catalog 
program was also created, and an 
associated cross-referenced index of 
the videodisc was printed using the 
PFS File system (Software Publishing 
Co., Mountain View, CA). Using the 
catalog, students would find an item of 
interest in the index book, type in the 
frame number, and see a photograph of 
that item immediately. 

STUDENT EVALUATION 
Student evaluation forms were placed 
with the program disks. The form was 
short in order to elicit maximum re- 
sponse. The following items were 
included. 

1) Check the programs that you have 
used; 

2) These learning aids were helpful to 
me (5 point scale from Strongly 
Agree to Strongly Disagree); 

3) The programs that were most 
helpful were; 

4) The programs that were not helpful 



were; 

5) I believe more programs using the 
videodisc format should be cr'^^tcd 
(5 point scale); 

6) Comments (to be written in). 

An oral evaluation was conduced 
during the final week of the course. 
One hundred and ninety of the 223 stu- 
dents enrolled in the course were pol- 
led to answer the following questions. 

1) How many students used the 
computer programs? 

2) Of those who used the programs, 
how many students found them to 
be helpful? 

3) Do students believe thaf use of 
actual photographs is better than 
graphics? 

4) Do students believe more resources 
should be committed to CAMV? 

An evaluation of changes in student 
grades due to exposure to these pro- 
grams was not done because only two 
subject areas were covered; the medical 
student population was academically 
too homogeneous to expect a major 
shift in test results; and isolating those 
students in academic difficulty and 
testing half of them after exposure ver- 
sus half without exposure to the pro- 
grams would create too small of a sam- 
ple size. We felt that the student evalu- 
ations were a more efficient means of 
determining whether students gained 
better understanding of the subject mat- 
ter and gaining an indication of their 
perception of learning efficiency (time 
expenditure). 

The results of the written and oral 
surveys indicated that students were 
strongly in favor of the use of this type 
of educational tool. They considered 
such a methodology to be an efficient 
and effective method of learning. 
Thirty-eight written evaluations were 
completed at the time when students 
used the programs, and 90 of the 190 
students polled in class indicated in the 
oral evaluation that they used the pro- 
grams. Ninety-five percent of those 
students who ccanpleted the written 
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evaluation agreed that these education- 
al aids were helpful. Ninety-seven per- 
cent believed that more CAMV pro- 
grams should be created. Seventy-four 
percent of the respondents offered 
comments such as very helpful; tre- 
mendous; great; best type of review in 
the absence of a professes*; enjoyed as a 
different learning ^rol - self paced; 
want moie; I really liked it; The pro- 
grams really helped me understand the 
material; and We really cojld use more 
programs like these. All of the users 
who responded to either survey be- 
lieved that more resources should be 
committed to the production of CAI-IV 
materials. A number of student^ of- 
fered both written and oral comments 
on how to imporve the programs and 
what chaiiges might be made, indica- 
ting that these programs were stimu- 
lating not only in terms of content, but 
also in the design of the program rela- 
tive to its educational objectives. 

It was of interest to note that stude .ts 
used these programs not only as indi- 
viduals int^^ting with the computer, 
but also as a focus of group activity for 
stimulating discussions. In many 
instances, the catalog program v.'as 
used as a method for students to quiz 
each other and to stimulate further 
discussion. 

DISCUSSION 

CAI-IV is a powerful tool for the edu- 
cation process. The key to producing 
an effective computer program, of 
course, lies in the proper design of the 
content as well as the nature of the 
format itself. The quality of the pro- 
duct depends upon the expertise and 
commitment of the author and on a 
clear understanding of the objective 
and nature of the intended use of the 
program. 

The present system was designed so 
that faculty with limited or no com- 
puter experience could easily and 
quickly create ttitorials with only rudi- 
mentary typing ability. Once a script is 
written, and associated photographic 
frames are assigned, a non-computer 
related task, material can be typed into 



the computer with case. Average com- 
puter time for entering and recording 
each of the two programs used in the 
present study, which comprise more 
than 30 text frames, was less than three 
hours. In the present sUidy, the com- 
puter programs were designed for use 
following a lecture-laboratory experi- 
ence. However, similar programs 
could be designed to replace certain 
structured activities. As a result, facul- 
ty contact time could be reduced or 
used for more interactive purposes such 
as recitations and group discussions. 

It is difficult to assess the full impact 
of CAI-IV among the medical sttident 
population because their academic 
abilities are very homogeneous. In 
addition, one would not expect to ob- 
serve any meaningful grade changes 
for those students who easily attain 
passing grades, regardless of the meth- 
odologies used in their studies. How- 
ever, students exposed to CAI-IV could 
leam the material more efficiently, 
could attain a greater understanding of 
the material, a factcx- seldom tested, 
and might increase their test scores. 
Students in academic difficulty could 
be used to objectively evaluate the 
effect of CAI-IV exposure. In addi- 
tion, the present study used only two 
programs in one course. Since the 
relative r.umber of test questions ad- 
dressing the two areas presented was 
small, no ext^sive analyses co ild be 
completed. Therefore, it was appropri- 
ate to use subjective evaluations to 
determine how students felt about such 
IM"Ograms compared to iM"esenlation 
.nodes used for other areas of histology 
that did not include any CAI-IV pro- 
grams. The students participating in 
the two evaluation modes w«re unani- 
mous in their favwable response. 

Use of the computer in the medical 
education milieu provides an additional 
benefit Since many students have 
limited computer experience when they 
enter medical school, providing access 
to the computer keyboard as part of the 
biomedical process will acclimate them 
to an increasingly important area in 
their future professional activities. 



Computers are becoming widely used 
in all are'^s of medicine, medic^Q educa- 
tion, and related fields. They are used 
for Hnancial transactions, scheduling 
and appointment recording, and some 
cognitive processess such as continuing 
medical education, accessing medical 
literature, collecting patient histories, 
monitoring patient vital signs, storing 
patient clinical data, assisting in estab- 
lishing diagnoses and helping to plan 
therapy, and record keeping.^ Sinc^ 'he 
educational experience of medical 
students must encourage lifelong study 
in the medical profession,^ and since 
computers and their use in effectively 
and efficiently aiding in patient care 
will continue to play an increasingly 
important role in medicine, it is essen- 
tial that students become familiar with 
computer use in medicine during their 
medical college experience.^ 

Veloski and Blacklow* have slated 
that "the influence of the computer on 
medical care, education, and research is 
pervasive. In order to ensure that fu- 
ture professionals embrace this techn- 
ology, it is necessary (ix medical edu- 
cators to introduce students and faculty 
to the opportunities offered by com- 
puters." The use of CAI-IV programs 
as part of the educational experience 
not only augments the educational pro- 
cess, but it also prepares the student for 
professional life. 



This study wis supported by the Mr. and Mri. 
Gabriel Lavine Qinical Scholarship Program of 
Jefferson Medical College of Thomas Jefferson 
University, Philadelphia, PA. 
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HOW SHALL WE EVALUATE SOFTWARE - 
PEER REVIEW OR PEER CRITIQUE? 

Harold I. Modell 

Department of Radiology, University of Washington, Seattle, Washington 



A mechanism is needed by which au- 
thors of educational software can re- 
ceive the benefit of peer evaluation of 
their efforts. Such a me-jhanism must 
reflect standards for quality control 
and, in doing so, ser;e iwo populations. 
For users of the software, the process 
must provide a means of identifying 
high quality software appropriate for 
specific education?'! settings. For the 
life science community at large, the 
evaluation must establish criteria by 
which the community can determine if 
a specific author's activities represent 
scholarly effort in the context of facul- 
ty code guidelines for appointment and 
promotion. 

PEER REVIEW 

The first reaction to this definition of 
need is to extend the traditional peer re- 
view concept for research efforts to 
educational software. However, the 
peer review mechanism as it exists for 
research efforts may not be appropri- 
ate. Consider the questions a reviewer 
asks when evaluating a manuscript for 
publication. Aside from the presenta- 
tion issues (Does the author communi- 
cate well with the reader?; Are the 
number of figures and tables appropri- 
ate?), the referee asks if the experimen- 
tal design addresses the hypotheses to 
be tested, if the data are subject to er- 
rors that the author did not consider, if 
there are alternative explanations for 



the data that the author did not con- 
sider, and if the findings represent new 
information for the scientific commu- 
nity. Although considerable debate can 
be generated regarding how referees go 
about answering these questions, the 
fact remains that the evaluation criteria 
are relatively few, and they are consis- 
tent among scientific disciplines and 
levels of sophistication because the 
basic product being evaluated is the 
same. This is not necessarily the case 
for educational software. 

SOFTWARE EVALUATION ISSUES 
Several years ago, the Education Com- 
miuee of the American Physiological 
Society considered establishing an 
evaluation mechanism for educational 
software for physiology teaching. 
With the traditional peer review con- 
cept as a model the intent was to rec- 
ognize high qu/ility software with some 
sort of APS or Committee endorse- 
ment. However, after considerable dis- 
cussion, the idea was abandoned be- 
cause committee members felt that they 
would not have the expertise necessary 
to make judgments on all areas that 
would have to be evaluated. For exam- 
ple, if a given piece of software to was 
to be designated "acceptable", all 
aspects of the materials should be high 
quality. Hence, computer science is- 
sues would have to be addressed (is the 
program written in an efficient way) as 



would educational design and educa- 
tional research issues (does this pro- 
gram offer a belter way to present ma- 
terial than other presentation modes?). 

Modell has discussed input/output 
design for different educational set- 
tings.^ Consider software written by an 
author whose focus is on the gnup set- 
ting being reviewed by a colleague 
whose focus is on the independent 
study setting. What impact docs the 
lack of versatility have on the referee's 
rating of the software? 

The traditional peer review process 
results in an "acceptance or rejection" 
type of judgment which, in the case of 
software review, would necessitate 
critical review of all aspects of the 
software. In this respect, the APS 
Education Committee was probably 
correct in its assessment. However, 
perhaps the traditional peer review 
mechanism is not the best model for 
software evaluation. 

PEER CRITIQUE 

An alternative mechanism, peer cri- 
tique, would provide authors with val- 
uable feedback from colleagues, pro- 
vide a means of evaluating software 
development efforts in terms of their 
contribution to the life science com- 
munity (ie, **scholarly effort"), and 
provide the life science community 
with information concerning high 
quality, versatile software. 
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In this model authors would submit 
their software and documentation along 
with a description of the philosophy 
governing its development (eg, educa- 
tional goals, educationa' setting, and 
student population) and any additional 
pertinent information (eg» student 
evaluation). The software would then 
be critiqued with the following ques- 
tions in mind. 

• How consistent is the software with 
the governing philosophy? 

• Is the content appropriate for the 
intended student population? 

• How versatile is the software in terms 
of use in other educational settings 
and with different student popula- 
tions? 

• How transportable is the software in 
terms of hardware and operating 
system requirements? 

• Is a published review of the software 
appropriate? 

• Is a published description of the 
softv^areby the author appropriate? 

Because this mechanism docs not op- 



erate on a "accept or reject" basis, au- 
thors could submit materials at various 
stages of development In this way, 
they could gain a broader perspective, 
yielding a product that would be of use 
to a greater portion of the life science 
community. 

Quality control would be assured by 
the last two questions. Published re- 
views of software may be appropriate 
for alerting the community to the short- 
comings of readily available materials 
or for informing the community of high 
quality, vCTsalile materials. The feed- 
back mechanism to appointment and 
promotion committees represented by 
traditional peer review would also be 
available by the last question. If liie 
software represents a significant con- 
tribution to education within the life 
science community, the author would 
be encouraged to submit a manuscript 
for publication. A review of the soft- 
ware would then be published with this 
manuscript A number of journals 
could provide the vehicle for publica- 
tion of manuscripts and reviews. 



ESTABLISHMENT OF THE PEER 
CRITIQUE MECHANISM 
NRCLSE is currently developing a pro 
posal for the peer critique mechanism 
and seeking potential funding sources 
to initiate such a mechanism. Because 
this effort is intended to serve the life 
science community, it is essential that 
the community have input to devel- 
oping the concept The peer critique 
model outlined above represents the 
first stages of development We en- 
courage you to share your thoughts on 
the issue with us by mailing comments 
and suggestions to: 

Harold Modell,Ph.D., 
NRCLSE, Mail Stop RC-70, 
University of Washington, 
SeatUe, WA 98195 

or contacting us through BITNET at 
MODELL@UWALOCKE. 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of communication 
among life science educators who anticipate or are currently employing the computer as an 
educational tool. The range of content includes, but is not limited to, articles focusing on 
computer applications and their underlying philosophy, reports on faculty/student 
experiences with computers in teaching environments, and software/hardware reviews in 

both basic science and clinical education settings 
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University of Washington, Seattle, W A 98195. 

Title page should include fiill title, list of authors, academic or profess'onal affiliations, and 
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THE USE OF COMPUTER ANIMA 
TIONS DURING LECTURES IN 
PHYSIOLOGY 

James Heckman, Michael B. Wang, Michael Harris, 
Michael Gordon and Anthony Cardeil 

Department cf Physiology , Temple University School ofMedicmCf 
Philadelphia, Pennsylvania 



It is challenging for lecturers to de- 
scribe events that have multiple steps, 
arc cyclical in nature, and involve com- 
plex interactions among multiple struc- 
tures. Examples of such topics in 



physiology are excitation-contraction 
couplinc and the cardiac cycle. An- 
other difficult category includes topics 
that necessitate the use of mathematics, 
such as establishment of the resting 
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membrane potential and the physiolog- 
ical basis of the electrocardiogram. In 
part, the challenge lies in painting a 
mental picture for the students. Chalk 
and blackboaid, overiiead projectors, 
slides, and videotapes are frequently 
used by lecture to amplify their oral 
presentations. Recently the computer 
and video projector have been used to 
display the results of simulations.*^ 
During the last several years, we have 
investigated the use of computer ani- 
mations to assist the lecturer. This 
p^r describes the methods used to 
create and display the animations and 
discusses the advantages and disadvan- 
tages of this new technique. 

CREATION OF ANIMATIONS 
The animations consist of separate 
images, usually from S to 30» that are 
displayed in sequence at a rate that can, 
if necessary, give the illusion of mo- 
tion. The process is similar to that used 
in cartoons. The images are created 
with an IBM PC XT or AT&T 6300 
(an IBM PC compatible) computer by 
using a drawing or 'paint' program. 
(Microsoft Paintbrush, Microsoft Cor- 
poration). 

Microsoft Paintbrush is a powerful 
tool that makes it possible for someone 
with no artistic talent to create useful 
images. It allows the operator to use a 
mouse to input drawings and provides 
functions to construct straight and 
curved lines, duplicate and move por- 
tions of images, alter colors, and save 
or retrieve images. 

It is not always necessary to create 
images de novo. If suitable images are 
available from textbooks and other 
sources, a video camera is used to view 
the desired image. The ouput of the 
camera is digitized, and the digitized 
information is passed to Microsoft 
Paintlmish for modification and for 
creation of other images needed for the 
animation. This process worics well if 
the original images are line drawings 
and less well if th^e are multiple 
tones or gray levels. The images that 
we use in the animations are, for the 
most part, schematic in nature. For 




FIGURE 1. Six images taken from an animation of a beating heart. The complete series 
contained 30 images. The white dots indicate the direction of blood flow. 



example, in an animal' of a beating 
heart (Figure 1), the he ^t is repre- 
sented schematically in order to 
enhance the pres^tation of infonna- 
tion relevant to function. As mention- 
ed below, limitations in screen resolu- 
tion prevent detailed anatomical draw- 
ings from being created. 

USE OF ANIMATIONS 
The animations have been used during 
lectures to a class of ^proximately 200 
first year medical students. The audi- 
torium is equipped with a ceiling 
mounted, Sony color video projector. 
The video projector accepts either 
composite video or RGB (signals that 
carry red, green, and blue informadon) 
as input While composite video from 
VGR tape is acceptable, we have found 
that the composite video from the IBM 

is not suitable for projection. We 
therefore use the RGB output We 
have found that the outputs from the 
video cards of a numbo* of makes and 
models of computers require RGB 
transformation before they can serve as 
input to a video projector. Great rare 



must be taken when selecting the 
computer-projector pair. 

The images piocuced by the projector 
are projected onto a conventional 8 by 
8 foot screen. All of the students sit- 
ting in all portions of the auditorium 
can see ti)e im^^es; tiiere are no dead 
spots. Most images can viewed 
witii tile ambient light level used to 
view slides. 

Care must be used in color selection 
because tiie colors produced by tiie 
video projector are not identical to 
tiiose viewed on tiie. PC monitor. We 
have found tiiat it is good practice to 
project the animations before class to 
ensure tiiat tiie colors have been se- 
lected properly. 

During the lecture, tiie computer is 
placed adjacent to the lectern. It is an 
IBM PC witii two 5 1/4 inch floppy 
disk drives, 640 kilobytes of memory, 
and a color graphics card and monitor 
that can display 4 colors with a resolu- 
tion of 320 by 200 picture elements. 
By using simple, single key commands, 
tiie lecturer can start and stop tiie ani- 
mations, increase or deaease tiieir 
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speed (the number of images per sec- 
ond), and either advance the next ani- 
mation or regress a prior animation. It 
is also possible to jump in random 
fashion to any animation in the pro- 
gram. 

We have experimented extensively 
with computer languages in order to 
find one that is optimal for displaying 
animations. An important feature in a 
language, particularly when creating 
graphics intensive programs, is the 
ability to view the effect of program 
changes immediately after they are 
made. We initially used an interpreter 
language (BASICA) tiiat allowed 
changes to be viewed immediately and 
assembler language modules that gave 
the ability to move images rapidly to 
the monitor. Although this worked 
well, programming in BASICA with its 
line numbers and i to name sub- 
routines was tedio* /ently, we are 
mvestigating the t v^uickBASIC 
(N4icrosoft Corporation). Although this 
is a compiled BASIC, it compiles so 
rapidly that changes can be viewed sec- 
onds after they are made. In addition, 
among other advantages, line numbers 
are not necessary, and subroutines can 
be called by name. 

We normally include computer gener- 
ated static images, similar to traditional 
slides, among the animations. We have 
found that it is advisable not to have 
extensive labeling on the animation 
images. For this reason we display a 
computer generated slide containing 
the necessary labels before each 
animation. 

Several constraints are encountered 
when using a standard IBM PC for 
animation. First, the color graphics 
(CGA) ad^ter allows only 4 colors 
and a resolution of 320 by 200 picture 
elements. While it is possible to ac- 
quire an enhanced graphics (EGA) or a 
professional graphics card to improve 
the display resolution, we have elected 
not to do so for seveial reasons. When 
image resolution is increased, the size 
of the image, in bytes, is increased 
which, in turn, slows the animation rate 
by increasing the time needed to write 



the images onto the monitor. In addi- 
tion, students have requested that they 
be ^le to run the animations in our 
microcomputer laboratory that contains 
IBM and AT&T computers with CGA 
cards. 

Another limitation is that the video 
projector we use is an earlier model 
that cannot show the high resolution 
images available with newer models. 
However, despite the limited resolution 
of the CGA card, we have found the 
schematic images, additional examples 
of which are shown in Figure 2, are 
suitable for our purposes. 

DISCUSSION 

It has been said that a picture is worth a 
thousand words. Certainly an anima- 
tion containing 30 pictures is worth 
more than thirty thousand words be- 
cause it imparts a sense of the passage 
of time to the viewer. Animations al- 
low the viewer to form mental images 



rapidly of time dependent events or 
processes that can then be amplifed by 
the oral presentation of the lecturer. 

Computer animation has an advantage 
over videotape in that it can be repeat- 
ed as many times as desired, without 
rewinding, at any desired speed, in- 
cluding stop frame. Animation in some 
instances has the advantage over math- 
ematical simulation because it allows 
complex events to be depicted for 
which mathematical equations cannot 
be derived. 

The animations have been well re- 
ceived by the medical students. By 
evaluating their questions during and 
immediately following lecture, it dp- 
pears that they have been able to grasp 
difficult concepts more quickly than 
the students who have not been ex- 
posed to the animations. Admittedly 
this is a subjective evaluation, but since 
we must lecture to the entire class at 
one time, we cannot set up a suitable 




FIGURE 2. Six images from an animation of excitation contraction coupling. The complete 
series contained 4C imaes. The series depicts electrochemical events in the upper portion of 
each frame and mechanical events in the lower portion. 
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control group. 

The major disadvantage of using ani- 
mations is the time required to create 
them. We have attempted to reduce 
this time by using Microsoft Paintbrush 
and the video digitizing system. We 
also have enlisted the aid of medical 
students who have had physiology. 
After ^proximately a week of instruc- 
tion and practice, they can create useful 
animations. 

We have also found that the number 
of images needed to convey the desired 
information is much less than we first 



believed. Generally, no more than 30 
to SO images are required, and only 
three or four animations in a one hour 
lecture are effective. 

Of course once created, the anima- 
tions can be used year aft^ year. As 
Ojpposcd to videot^, it is a simple 
matter to make changes to update them 
as desired. Because the images are 
stored in digital form, it is also possible 
to alter the storage method to accom- 
modate advances in display technol- 
ogy. There will be no need, therefcM'e, 
to redraw the animations as new com- 



puters bec(xne available. 

In summary, we have found computer 
animatio.. to be a helpful tool for use in 
lecture; one that is well received by the 
students. 
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PROJECTING COMPUTER DISPLAYS 

RichaiJ E. Stull and K. Richard Knoll 

College of Pharmacy, University of Arkansas for Medical Sciences , Little Rock, Arkansas 



Projection of a computer's images in 
monochrome on a large screen allows 
an easier migration of the computer in- 
to the large classroom, woricshop, con- 
ference, or seminar. 

Lightweight, compact liquid crystal 
display (LCD) units that rest atop the 
stage of an overhead projector are cur- 
rently available to display in black and 
white (monochrome) whatever is on 
the screen of a connected computer. 

Despite certain differences, availablp 
units project an almost identical image 
quality of 640 by 200 pixel resolution 
in an SCkharacter by 2S-line screen 
size. All units include a panel which 
sits on the overfiead projector, an AC/ 
DC convener, and necessary interfaces. 
Some units include a remote control 
unit with a variety of switchable func- 
tions. The remote unit may include 
computer controls (such as page-up and 
page-down) and the display controls 
on, off, contrast, on-screen pointer, and 
reverse colors. Reverse colors means 
that a white on black image can be con- 
verted to a black on white image — 
useful when contrast change alone 
won't make the image daric enough. 

The panel is a translucent sheet of 
glass set in a metal or plastic frame 



about 2 1/2 in. deq) that houses the 
electronic components. Panels are 
about 12 by IS inches. Weights vary 
depending on matmal, but generally 
are under six lbs, making them easily 
portable. This is lighter than most lap- 
top portable computers. 

Currently available units support only 
CGA-levelgraiAics, notEGA. They 
require a host overhead projector with 
a low 250 or 300 watt light in the base. 
HottCT lights tend to heat up the unit 
and cause a contrast change in the im- 
age; that's why fans have been added 
to current models. Certain "slimline" 
overhead projectors may present heat 
I^blems because they have a light in 
the head that projects down and back 
up from the panel, rather than through 
it from the bott(xn. 

Projection distance and brighuiess de- 
pends on the overhead projector, not on 
the display system. Most of the units 
come with cables and plug into RGB 
output, composite video, or serial 
(RS232) pOTts on your computer. The 
only major model that diff^ in this 
regard is the Magnabyte from Telex. 
Magnabyte comes with an interface 
card for installation into one of your 
computer's slots. 



Software, though not required for pro- 
jection, comes with several of the units 
to allow the user a straight-forward, 
menu driven approach to creating and 
sequencing of saeens. Software pro- 
ducts such as IBM's Storyboard may 
be useful in producing comparable 
programs for projection. 

The first projector marketed was the 
Kodak Datashow System, introduced 
about 18 months ago with a $1,270 list 
price. It supports IBM-PCs and com- 
patibles and, with an optional adapter, 
the Apple n computer family. It does 
not support the Macintosh. 

Kodak did not provide a cooling fan 
when the unit was Hrst introduced. 
Without a fan, contrast blur from heat 
build-up in the projector may affect the 
panel aDout IS minutes into a lecture 
— and get progressively worse. The 
operator must adjust the contrast button 
during the presentation. This may not 
present a problem in a 45 to 60 minute 
lecture, and turning the overhead pro- 
jector off for about 10 to IS minutes 
during a break wili return the panel's 
contrast to normal. Kodak now offers 
an optional cooling fan attachment, 
retailing for about $100. 
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TABLE 1. Key features of available LCD displays for use with overhead projectors. 



MODEL 


VENDOR 


COMPATIBILITY 


CONNECTION 


COOLING 


REMOTE 


SOFTWARE 


Data Show 


1 

Kodak 


IBM/Apple 


RS232/RGB 


Fan 
option 


Infrared (IR) 


"Showmaker" 


Magniview 


Dukane 


IBM/Apr le 


RGByComposite 
Video 


Fan 


No 


"Presentation 
Partner" 


MagnaByte 


Telex 


IBM/Apple 


Adapter 
card 


Fan 


Wire 
remote 


provided 


QA25 


Sharp 


IBM/Apple 


RGB 


Fan 


No 


None 


Data 
Display 


CA,Inc. 


IBM/Apple 


RGB/Composite 
Video 


Fan 


No 


"Presentation 
Partner" 



It took more than a year before major 
Kodak competitors appeai-ed. Telex 
Communications, Inc. (Minneapolis) 
introduced the MagnaByte Electronic 
Imaging System with metal frame com- 
pared to the Datashow's plastic frame, 
and with a cooling fan to prevent con- 
trast blur, ii also is compatible with the 
IBM PC and Apple n families, exclud- 
ing the Macintosh. Price for the com- 
plete system is about $1^00. A distin- 
guishing feature of this unit is that it 
requires the installation of a full slot 
adapter board and provides shades of 
gray when projecting color images 
from the compute. The adapter card 
makes the projector dq)endent on a 
specific computer which may lead to 
problems mih portability. 

Sharp Electronics Corp. (Mahwah, 
NJ) introduced the "Sharp Computer 
Projection Panel QA 25" at $895. The 
QA 25 has a built in fan, weighs six 
lbs, with a 12 by 14-in. plastic housing. 
In terms of display, it is essentially the 
same as the Kod^ Computer Acces- 
sories markets the Data Display which 
is comparable to the Kodak or Sharp 
unit Controls such as reverse video, 
contrast, and vertical and horizontal 
position are on the front-top of the unit. 

CAUTIONS 

With any monochrome system that pro- 
jects images created in color, one must 



be careful about the conversion of cer- 
tain colors to a gray scale. If you're 
using a color program, you've got to 
think black and white. Green, brown 
and white will jH-oject as white. Black, 
red and magenta will project as black 
or gray. If you use green lettering on a 
white background, it will show as all 
white. 

CONCLUSION 

These additions to the peripheral op- 
tions of the PC vser who presents mate- 
rial to conference or larger goups have 
definite benefits. To make your selec- 
tion from the available units, you may 
want to consider portability, if needed, 
and the price, since display quality is 
comparable for all units. 

Aldioug^ greats portability is provid 
ed by the non-board dq)endent units, if 
shades of gray are required to display 
color gr^hic imaging, the board de- 
pendent models are recommended. 

Telex Communications Inc. has re- 
cently announced a color data display 
unitpricedat$1580. 

Price will vary by vendor and availa- 
bility. When the units are readily 
available, the price may be disocunted 
as much as 30 to 33 percent off list 
price. 

Table I highlights features that you 
may wish to consider in making your 
selection of a PC data display. Addi- 



tional information may be found in the 
August 1987 issue of Computer Graph- 
ics Today, in an article by DZ Meilach 
entitled "Projecting graphics over- 
head." 



Editor's note: 

We have recently had occasion to compare 
the Kodak and Sharp displays. Several 
differences not outlined in the proceeding 
article warrant mention. 

• Display size. The Sharp unit is a rectan- 
gular display that covers about one h?lf of 
the standard overhead projector display 
area. The Kodak unit has more of a 
square display that covers a significantly 
greater portion of the available projection 
area. 

• Location of controls and connections. 
All of the controls as well as the RGB 
and power connections on the Sharp 
unit are on the left of the unit (as you 
face the projector). The connections, 
therefore do not interfere with display 
placement on the projector. Connec- 
tion to the Kodak is through a fairly stiff 
cable that exits the unit on the right side 
near the projection head aim on a standard 
overhead projector. This may present 
some problems with display alignment. 

• Available controls. The Kodak remote 
control unit allows adjustment of the 
image location on the display. Similar 
adjustments on the Sharp are not as easily 
accessible and are not intended to be ad- 
justed on a routine basis. 
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THE BULLETIN BOARD 



The Bulletin Board is published period- 
ically to inform leaders of upcoming 
meetings of interest If you know of 
meetings, symposia, continuing educa- 
tion courses, etc, of interest to life 
science educators, and they do not ap- 
pear in The Bulletin Board, please let 
us know. Send pertinent information 
to: Dn Harold Modell, NRCLSE, 
RC-70, University of Washington, 
SeatUe, WA 98195, or let us know via 
BITnet. NRCLSEs BITnet address is: 
MODELL@UWALOCKE 



NOVEMBER 1-4, 1987. The 11* Annual 
Symposium on Computer Applications 
in Medical Care (SCAMQ. Washing- 
ton, D.C 

Contact: 

William W. Stead, MD, 
SCAMC-- Office of CME 
George Washington University 

Medical Center 
2300 K Street, NW 
Washington, DC 20037 
(202)994-8928 

NOVEMBER 9-12, 1987. Association 
for the Development of Computer- 
based Instructional Systems (ADCIS) 
28* International Conference. 
Oakland, California. 

Contact: 



3ellingham,WA 98225 
(206) 676-2860 

NOVEMBER 19-20, i>87. 11* Annual 
Western Educational Computing 
Conference. San Francisco, California. 

Contact: 

Alexia Devlin, Treasurer 
California Educational Compm.ng 

Consortium 
San Francisco State University 
Accounting Data, NADM-358 
1600 Halloway Ave. 
San Francisco, CA 94132 

DECEMBER 2-4, 1987. The 3"* 
Vermont Conference on Nursing and 
Computers. Topnotch at Slowe, 
Vermont 

Contact: 

Sally Parrish,RN 
Nursing Inservice 

Medical Center Hospital of Vermont 
Burlington, VT 05401 
(802) 656-3766 

JANUARY 13-15, 1988. The 6* Annual 
Conference on Research in Nursing 
Education. San Francisco, California. 

Contact: 



Ten Columbus Circle 
New York, NY 10019-1350 
(212)582-1022 

JANUARY 15-19, 1988. Association for 
Educational Communications and 
Technology (AECT) Convention and 
COMMTEX International, New 
Orleans, Louisiana. 

Contact: 

Association for Educational Commu- 
nications and Technology (AECT) 
1126 M"*" Street, NW 
Washington, DC 20036 
(202)466-4780 

JANUARY 25-28, 1988. Florida 
Instructional Computing Conference 
Vni. Kissimmee, Rorida. 

Contact: 

Educational Technology Section 
Florida Department of Education 
Knott Building 
Tallahassee, FL 32399 
(904)488 0980 

JUNE 8-10, 1988. WorldMed, 
International Health Care Congress. 
Minneapolis, Minnesota. 

Contact: 



Elaine Zimbler, MA, RN 

Interim Director 

Society for Research in Nursing 

Education Forum 
National League for Nursing 



Continuing Medical Education 

Box202UMHC 

420 Delaware Street SE 

Minneapolis, MN 55455 

(612) 626-5525 



ADCIS, 409 Miller Hall 
Western Washington University 
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Subscription rates for Volume 5. 1988 (includes postage and handling): 
U.S. and Canada -S30.00 
Mexico and Europe - $50.00 
Rest of the world -553.00 



Please enter my subscription for Volume 5 (12 issues) of CLSE, IZDPayment enclosed in US funds 



IZDPlease bill me 



I lA subscription agency will enter a renewal 



Send issues to: 
Name: 



Send invoice to: 
Name: 



Address: . 
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State: 



Zip: 



State: 



Zip: 



Mail this form to: NRCLSE 

Mail Stop RC-70 
University of Washington 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of c jimnunication 
among life science educators who anticipate or are currently employing the computer as an 
educational tool. The range of content includes, but is not limited to, articles focusing on 
computer qjplications and their underlying philosophy, rqwrts on faculty/student 
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COMPUTER ASSISTED 
INSTRUCTION FOR TEACHING 
DENTAL TREATMENT PLANNING 

Richard T. Ford and DeWavne Townsend 

Departments of Operative Dentistry and Oral Pathology, University of Minnesota, 
Minneapolis, Minnesota 



In 1982, the University of Minnesota 
School of Dentistry reorganized its 
adult clinics around a patient caitered 
modeL Important support for this reor- 
ganization was provided by a curricu- 
lum teaching comprehensive treatment 
planning and case presentation. Prior 
to the reorganization, treatment plan- 
ning was taught as a component of 
each of the dental specialities. The 
new program was designed to teach 
comprehensive treatment planning 
while continuing to serve each area's 
specific speciality. 
During this time, the School of Den- 



tistry was also experiencing a reduction 
in class size and legislative funding 
reti'enchment It was imperative that 
any new treatinent*planning curricu- 
lum noc be labor intensive because 
diere would be no additional faculty 
available. 

Coincidentally, the School's learning 
resources center was being equipped 
with microcomputers, and small devel- 
opment grants were available to faculty 
to develop learning packages. The 
availability of this new resource sug- 
gested the ai^lication of Computer- 
Assisted Instruction (CAI) to treaunent 
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planning and prompted the authors to 
review the literature on treatment plan- 
ning and CAI in dental education. 

UTERATURE REVIEW 
The Dental Curriculum 

The literature strongly suggests treat- 
ment planning in the dental curricu- 
lum is weak and greatly in need of 
change.^-*^-*^*' Kress specifically stated 
that, ''Dental educators agree that treat- 
ment planning education is one of the 
weakest areas of the curriculum ."* He 
noted that if treatment planning educa- 
tion w^e more effective, it would help 
ensure better patient treatment He 
rqx)rted that a number of schools de- 
vote less than 10 hours to treatment 
planning instruction. 

Many critics of dental education 
nrgue that students are inadequately 
taught to integrate their clinical know- 
ledge with comprehensive planning. 
This might be a reflection of a funda- 
mental weakness in the way clinical 
dentistry has evolved as a collection of 
specialities. Experts ceitainly exist 
within the clinical specialities, but few 
claim to be experts at integrating the 
various areas into a comprehensive 
patient care plan.' 

Dentists' inability to integrate know- 
ledge into planning might also be a 
symptom of the difficulty of the treat- 
ment planning task. Pirosheketal^^ 
suggested that the dentist's planning 
process involves little difficulty in dis- 
ease identiGcation, but presents a con- 
siderable challenge in the proper se- 
quencing of treatment, that is, the treat- 
ment plan. His study suggested that 
dentists were ofien ineffective at hy- 
pothesis generation and interpretation 
of diagnostic cues and that it might be 
necessary to modify their training to 
produce more ^fective decision 
making. This again suggests the need 
for a new dpptoach in d^tal education. 

As recently as 1985, Kennon et al, in 
a survey dental educational institu- 
ticois, reported that schools still seemed 
uncertain as to who had the respCHisi- 
bility of teaching treatment planning.^ 
She states that, upon careful analysis, 
''No discrete unit (of the institution) 



will accept responsibility for either 
teaching or coordinating treatment 
planning." 

Ward suggested that experience is 
essential to the successfii coordination 
of treatmwit^^ She noted that, "even 
thou^ the formulation of a usable 
treatment plan is carefully covered in 
the classroom, students are somewhat 
unclear in proposing a precise blueprint 
of treatment in the clinical area."^^ 

Kersten et al^ affirmed the value of 
developing decision making skills 
when treatment planning. He studied 
the responses of inexperienced students 
and experienced dentists solving prob- 
lems during treatment and made the 
following observations. 

• Third year students cannot solve 
problems pertaining to the design of 
a treament plan for decayed teeth, in 
spile of their knowledge of the differ- 
ent standard preparations and the 
principles of cavity preparation and 
restoration. 

• Knowledge does not guarantee its 
practical ^plication. 

• Students come closer to the solution 
of a problem when they use a system- 
atic scheme providing a problem- 
solving route. 

• Experienced dentists quickly find a 
correct solution. 

Kersten et al concluded that feedback 
is a vital factor in teaching student den- 
tists to make better treatment planning 
decisions. 

Computer-Assisted-Instructlon 
CAI programs have been used in health 
sciences and in d^tistry in particular 
since 1967 and have been used {nimar- 
ily for teaching clinical dentistry .^-^-^^ 
The value of self instruction was de- 
scribed by Williams who notes, ''self 
instruction is c^>able of significantly 
increasing cognitive knowledge in a 
shelter period of time with increased 
student satisfaction, compared to con- 
ventional instructional mcthods.**^^ The 
"CAIDENT* program at the University 
of Michigan established that CAI in 
dentistry is most effective when 



1) students require substantially differ- 
ent amounts of time to learn; 

2) different responses are made by 
students to the same question; 

3) students need to expire the effects 
of various decision strategies; 

4) actions tak^ on the basis of student 
response can be identified; 

5) each student is required to actively 
participate in tlie specification of or 
comunitment to a particular decision; 

6) it is combersome, difficult, or un- 
necessary to present all cues that 
comprise a particular problem sit- 
uation; and 

7) material is substantially /epetitive.^^ 

CAI provides a non-threatening, non- 
evaluative environment in which stu- 
dents can explore alternatives without 
concern for criticism or "image." 
Sokolow addressed tlie issue of short- 
age of qualiHed faculty as another 
rationale for developing CAI in dental 
education. 

THE CAI INSTRUCTIONAL 
PROGRAM FOR DENTAL 
TREATMENT PLANNING 

Based on this information, we decided 
to supplement the treatment planning 
teaching with a program of computer- 
assisted patient simulations. 

In 192 4, the fust of three intra- 
university development grants was 
awarded for the proposed program. A 
team was assembled that included 1) 
the author, a dental practitioner with 25 
years of general practice experience 
and an advanced degree in education, 
who designed the simulations and was 
responsible for the didactic and treat- 
ment planning program, 2) a member 
of the Oral Pathology faculty with 
computer progranuning experience 
who designed and wrote the authoring 
software, and 3) a senior dental student 
who coordinated the pilot simulation 
with the software development The 
folbwing goak were established for 
the program. 

• to provide Che student dentist with a 
systematic ^proach to hypothesis 
generation and integration of data into 
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a comirohensive treatment plan; 

• to provide a library of simulations 
that would provide treatment planning 
experiences for student dentists prior 
to their first clinical patient care; 

• to provide a broad base of experi- 
ences; 

• to provide a self-instructional pro- 
gram that was not faculty labor 
intensive; 

• to provide a program that met the 
school's budgetary constraints while 
taking advantage of the grants and 
microcomputers that were readily 
available; and 

• to provide a resource that would also 
be available foe all residents, graduate 
students, faculty, practicing dentists, 
and continuing dental educaiton 
programs. 

Creating the pilot simulation 

A case study was selected and docu- 
mented, and the simulation was laid out 
as a story board. The software was 
written to accommodate the story 
board. 

To enhance the effectiveness of the 
educational instrument, each simula- 
tion was based on the same behavioral 
objectives and treatment planning phil- 
osophy as the school's clinic practice. 
This provided a consistent approach to 
hypothesis genoation. The behavioral 
objectives of each simulation were to 
collect the database, determine the 
treatment track, and develop the perio- 
dontal and preventive* plan, the resota- 
tive rehabilitative plan, the mainten- 
ance plan, the final treatment plan, and 
the long-range treatment plan. Each 
simulation consisted of only two kinds 
of screens that the student would view 
on the monitor. Information screens 
were used to present information such 
as the objectives, philosophies, and 
instructions. Choice screens were used 
to identify a problem and present treat- 
ment choices for solvLig the problem. 
Fees could be designated for each 
choice to provide an accumulated total 
treatment fee. 

The choice screws directed the stu- 
dent to make the "best" treatment 
choice, based on the treatment planning 



philosophies «... J data previously pre- 
sented on information screens. We 
limited the decision making to treat- 
ment choices and not the planning 
process or diagnostic decisions. Each 
choice screen was designed to offer 
from 3 to 5 trc 'tment choices, and each 
choice selected was followed by a 
response. The responses, listed below, 
were standardized to provide similarity 
from one simulation to the next. 

A) Great Choice! Virtually all of the 
dentists who reviewed and treatment 
planned this patient selected this 
choice as the most optimal treat- 
ment. 

B) Good Choice. Most of the dentists 
who reviewed and treatment plan- 
ned this patient selected this choice 
as the most optimal treatment 

Q An "OK" choice but not the best 
About half or less of the dentists 
who reviewed and treatment plan- 
ned this patient selected this choice 
as the most optimal treatment If 
you choose to remain with this 
choice press [option] to continue. If 
you choose to make another choice 
press [option] and make another 
choice. 

D) Poor Choice. Few of the dentists 
who reviewed and treatment plan- 
ned this patient made this choice. 
Press [option] and review [topic] 
and them make another choice. 

E) Unacceptable Choice. Virtually 
none of the dentists who reviewed 
and treatment planned this patient 
made this choice. Press [option] 
and review [topic] and then make 
another choice. 

An unacceptable choice was followed 
by an authored comment or a referral 
back to an information screen with the 
data base or a consultation. Another 
opportunity was then presented by re- 
peating the same choice screen. 

During the actual operation of the 
simulation, the patient's radiographs, 



diagnostic models, 15 3X5 inch intra- 
oral color photos mounted on a stiff 
mounting board, written operational 
instructions, and a treatment planning 
woiksheet were available to the stu- 
dent. The photos, models, and radio- 
graphs could be arranged easily so that 
they could be viewed while observing 
the monitor. The worksheet was com- 
pleted in pencil as decisions were 
made, providing ready review and rein- 
forcement as the plan evolved. 

An effort was made to make each ex- 
perience as realistic as possible. Each 
simulatiai was modeled after actual 
patient experiences. The treatment 
decisions, therefore, are not only tech- 
nical choices based on clinical data, but 
often reflect the patient's profile, re- 
sponses, needs, and personal situation. 

A "post treaunent" response that 
reflects the patient's reactions to the 
dental experience is presented at the 
end of the simulation. This provides 
positive reinforcement for a patient 
centered planning approach. 

An evaluation component of the 
software allowed faculty to identify 
both the students who worked the sim- 
ulation and the choices they made. 
This capability provided evaluation of 
the students' efforts and facilitates 
evaluation of the simulations. 

After the pilot simulation was com- 
plete, a demonstration disk was created 
to present the objectives, treatment 
planning philosophy, and samples of 
each type of decision making. This has 
been a valuable tool when demonstrat- 
ing the program to other interested fac- 
ulty and schools. 

SIMULATION AUTHORING 
To encourage development of a library 
of simulations reflecting a broad base 
of experiences, we created an authoring 
maniiial to be used with the authoring 
software that we had developed We 
assumed that new authors would not 
know how the computer program oper- 
ated. Therefore, on each choice or in- 
formation screen, the author is simply 
asked the question, "which screen is to 
follow?" This approach makes the 
authoring "friendly" for potential au- 
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thors who were not versed in computer 
applications. 
The manual is in the form of a large 
looseleaf notebook and presents all 96 
possible screens of the pilot simulation. 
When open, the manual has an example 
on the left and a corresponding page of 
the new simulation on the right. Where 
a new screen is to I'e created, appropri- 
ate blanks are provided. Where no 
change is indicated, the screen is pre- 
sented as complete or mirrors the page 
on the left. After the faculty member 
has completed all entries in the woik- 
book, it is convened to an operating 
simulation by the original faculty team 
or their staff. In this way, controls are 
exercised to preserve the prescribed 
format. 

DISCUSSION 

The library of simulations will be 
placed in the School of Dentistry and 
general Health Sciences learning re- 
sources libraries. All second year den- 
tal students will use the simulations as 
part of their treatment planning course 
prior to treating their first clinical 
patient The simulations will also be 
made available to other undergraduate 
students, graduate dental students, and 
for continuing dental education as an 
instruction and remediation tool. 

After a number of simulations have 
been completed, and the pilot has been 
tested with students, an evaluation 
method will be designed to identify 
those students who do not have accept- 
able treatment planning skills. A 
means of support and remediation v/ill 
be developed and implemented, most 
likely by expanding the simulation 
program. 

The CAI program has been demon- 
strated to students, residents, faculty, 
and graduate dentists. Levels of famil- 
iarity with computers accounted for 
varied responses from those who used 
the simulation, the age of the partici- 
pants often reflecting the friendliness 
toward the program. When we demon- 
strated the program, virtually all stu- 
dents were familiar with computers and 
worked the program with ease, while 



some of the faculty were quite unfamil- 
iar with basic computer operation. Stu- 
dents tended to respond with great in- 
terest and asked for more programs. 
Faculty or dentists often responded 
with either fascination or discomfort. 

Despite their lack of computer liter- 
acy, faculty has strong interest in the 
program. Many have asked for author- 
ing manuals or have moved to secure a 
small grant for developing simulations. 

CONCLUSIONS 

The authors are pleased with the prog- 
ress of the program and are committed 
to its development. We anticipate that 
future evaluation of this program will 
prove its appropriateness to dental 
education and will influence curricu- 
lum planners to consider CAI. This 
process will be facilitated by the famil- 
iarity with computers demonstrated by 
dental students and the interest shown 
by faculty in further developing this 
valuable educational resource. 
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ERRATUM 

Heckman J. Wang MB, Harris M, Gordon M, Cardell A: The use of computer animations during lectures in physiology. 
Computers in Life Science Education 4(10):73-76. 1987. 



Figure 2 should appear as shown. 




FIGURE 2. Six images ftom an animation of excitation contraction coupling. The complete scries contained 40 images. The 
series depicts electoKhemical events in the upper portion of each frame and mechanical events in the lower portion. 
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MACINTOSH VERSION NOW AVAILABLE. . . 



SIMULATIONS IN PHYSIOLOGY 

- The Respiratory System - 

Harold I. Modell, Ph.D. 

School of Medicine, University cf Washington, Seattle, 



* Series of 12 Simulations in Respiratory 
Physiology 

» 117 Page Laboratory Manual 

» Designed for use in student laboratory and 
group drcussion environments 

* Pictorial outputs designed to provide 
conceptual aid, show where variable values 
are measured, or illustrate the model and 
how it is solved 

* Tabular outputs allow comparison of data 
from up to 7 ^experiments' 

► Available for Apple 11, IBM-PC (MS-DOS) 
compatible, and Macintosh (requires 
Microsoft BASIC) computers 

* Purchase includes permission to make enough 
copies to supply appropriate student 
populations 



ORDERING INFORMATION 
Computer Programi?* 

12 Simulations written in BASIC 
Documentation 

On'* copy of student laboratory manual 

. . . .$100 

♦IBM-PC vcnion U5cs CGA graphics 
Macintoth version requires Microsoft BASIC 



Student Yjihoratory Manuals 

Quantities of 1-25 .... $10 each 
Additional copies .... $8.50 each 



Address orders to: 



NRCLSE 
Mail Stop RC-70 
University of Washington 
SeatUe.WA 98195 

Be sure to indicate which version you need! 



PROGRAM OVERVIEW 


Title 


Material covered 


MECHANICS 


Static Relationships 


Elastic properties of the lung, chest wall, and 
total respiratory system 


Dynamic Relationships I 


Effects of lung compliance and airway 
resistance on tidal volume development 


Work of Breathing 


Oxygen cost of elastic, resistive, and total 
work during inspiration 


Dynamic Relationships II 


Respiratory dynamics of the total respiratory 
system 


GENERAL GAS EXCHANGE 


Alveolar Gas Exchange 


Gas exchange between the atmosphere and 
alveolar reservoir 


0^ and CO^ Dissociation 
Curves 


Interrelationships between the Oj and COj 
dissociation curves 


Exchange from Atmosphere to 
Tissues 


Influence of alveolar ventilation, cardiac 
ou^ut, and anatomic shunt flow on arterial 
blood composition and gas exchange at ih\ 
tissues 


Chemoregulation of Respiration Influence of chemoieceptor sens itivity and 

respiratory mechanics on and CO^ 
response curves 

V^/Q RELATIONSHIPS 


Gas Exchange in a Single 
Alveolus 


Effects of ventilation-perfusion ratio and 
inspired gas composition on exchange in a 
single excha ige unit 


The Nan- Unijbrm Lung 


Gas exchange firom atmosphere to tissues 
with yjQ mismatching in the lung 


Overall Gas Exchange 


Gas exchari^e from atmosphere to tissues 
with yjQ mismatching and a true shimt 


AaO-BASE BALANCE 


Acid-Base Balance: Fundamen- 
tal Relationships 


Acid-Base balance from a Base Excess 
viewpoint 
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NATIONAL RESOURCE FOR COMPUTERS IN 
LIFE SCIENCE EDUCATION QUESTIONNAIRE 

As we begin to prepare to establish a peer critique mechanism for software evaluation (see CLSE September, 1987), it is 
imperative that 've have a critical mass of colleagues willing to participate in this process. It is also time to update our CLSE 
colleague directory (see CLSE, November, 1986 and CLSE January, 1987). Please help us in these efforts. If you have not 
completed our fint questionnaire (January, 1986), please lake a few moments to complete the questionnaire below. 
Return questionnaire to: jj3^1^ ^ 

NRCLSE 
Mail Stop RC-70 
University of Washington 
Seattle, WA 98195 

Name: 

Address: 

State Zip 

Phone: 



T\Tiat content areas do you teach? ^ 

What student population(s) do you serve? (Please check the appropriate categories) 

Undergraduate Graduate Nursing Medical 

Allied Health Dental Veterinary 

Other (please specify) 

Are you currently using the computer as an educational tool? ^Yes No 

If yes: 

How many years have you used the computer in this way? 

What kind of equipment are you using (please check appropriate categories) 

A pple n family ^IBM cff IBM compatible 

^Macintosh M inicomputer (please specify) 

M ainframe (please specify) 

Have you written any software for use in your teaching efforts? ^es No 

Would you be willing to help critique software for peers? ^Yes No 

Suggested woricshop topics, Additional comments or suggestions concerning NRCLSE: 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of comniunication 
among life science educators who anticipate or are currently employing the computer as an 
educational tool The range of content ircludes, but is not limited to, articles focusing on 
computer applications and their underlying philosophy, lepons on faculty/student 
experiences with computers in teaching environments, and software/hardware reviews in 
both basic science and clinical education settings. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are invited for 

possible publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should not exceed 2000 words and should be lypewritten, 
double spaced, with wide margins. The original and two copies including two sets of figures 
and rabies should be sent to the Editor Dr. Harold Modeil, NRCLSE, Mail Stop RC-70, 
University of Washin^n, Seattle, WA 98195. 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Dlustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper. The lettering should be such that it can be legible after 
reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references aljAabetized" 
described in the Council of Biology Editors Style Manual. References should be listed in 
alphabetical order by the first author's last name» numbered consecutively, and cited in tne 
text by these numbers. 

RESPONSIBlLrr Y AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All 
authors submitting manuscripts will be sent a copyright transfer form to complete. The 
completed form must be returned before the /V will be published. 



SUBSCRIPTION INFORMATION Computers in Life Science Education is published monthly by National Resource for 

Computers in Life Science Education, Mail Stop RC-70, University of Washington, Seaule, 
WA 9819^. Subscription rale is $30.00 for 12 issues, including postage and handling in the 
United States and Canada. Add $20.00 for posuge (airmail) in Vtxico and Europe and 
$23.00 for the rest of the world. 

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is 
given for copying of articles for personal or inlemal use, or for the personal or internal use of 
specilic clients. This consent is given on the condition that the copier pay through the Center 
the per-copy fee stated in the code on the first page for copying beyond that permitted by the 
US Copyright Law. Ifnocod^ i^jpcars on an article, the author has not given broad consent 
to copy and permission to copy must be obtained directly j&om the author. This consent does 
not extend to other kinds of copying, such as for general distribution, resale, advertising and 
promotional purposes, or for creating new collective works. 

Address orders, changes of address, and claims for missing issues to NRCLSE, Mail Stop 
RC-70, University of Washington, Seattle, WA 98195. Claims for missing issues can be 
honored only up to three months for domestic addresses and six months for foreign 
addresses. Duplicate copies will not be sent to replace ones undelivered due to failure to 
notify NRCLSE of change of address. 



Address editorial correspondence to Harold L Modeil, PhD, NRCLSE, Mail Stop RC*70, 
University of Washington, Seattle, WA 98195. (BITNETM0D£LL@UWALOCKE) 

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, 
Mail Stop RC-70, University of Washington, Seatde, WA 98195. 
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FROM COMPUTERLESS TO 
COMPUTER LITERATE 
THROUGH RESOURCE 
SHARING 

James R Craig and Richard Manski 

Department of Educational and Instructional Resources and Department of Oral Health 
Care Delivery, University of Maryland Dental School, Baltimore, Maryland 



While many elementary and secondary 
schools were quick to acquire micro- 
computers for use in their academic 
programs, dental educational institu- 
tions aiqpear to be lagging behind in 
this regard. In a recent article entitled 
''Computers in E)ental Education: 
Promise of the Past Versus Reality of 
the Present,** the authors, who are re- 



spected dental educators, indicated that 
''unlike the advances that have been 
made in the commercial sector, those in 
education, and more so in dental educa- 
tion, have been considerably short of 
anticipation as enumerated years ago."^ 
Evidence supporting these educators' 
comments regarding the use of com- 
puters, at least in the Baltimore area. 



ERIC" 



0742'323a/S7/$O.OO't-ZOO 



© 1987 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 



333 



90 



COMPUTERS IN UFE SCIENCE EDUCAHON, VOLUME 4, NUMBER 12, DECEMBER 1987 



niay be found in a recent guide to area 
private schools published in Baltimore 
Magazine in which computers have 
been added to the list of criteria used in 
assessing an institution's academic 
program.^ For example, the computer 
to student ratio for Calvert School (pre- 
kindergarten through grade 6) and 
Gilman School (grades M 2) is 1:9 and 
1:25 respectively. The same ratio in 
1985 for the University of Maryland 
Dental Jchool (specializing in educat- 
ing individuals interested in operating 
and managing a dental practice) was 
1 : 140. While the computer to student 
ratio in other dental schools may vary 
significantly, there is clear evidence 
that the elementary and secondary 
schools recognize the importance of 
using this technology to prepare their 
students for the future. 

Considering the rising costs of health 
care delivery, a declining patient popu- 
lation, and intense competition for pa- 
tients among practitioners, integrating 
information and technological develop- 
ments designed to improve the cost- 
efficiency of operating an office prac- 
tice is essential in the prq)aration of 
"budding" health professionals. In 
fact, a recent study by Solomon and 
Whiton,^ using the results frcMn 2448 
senior dental students from 48 dental 
schools, indicated more than 70 percent 
of the students felt that the use of com- 
puters in the academic program should 
be increased It appears that these 
senior dental students were quite aware 
of the importance of integrating com- 
puter technology into their office envi- 
ronments. While many dental institu- 
tions provide didactic instruction to 
assist students in selecting a computer- 
ized office practice system, students 
may not have the opportunity for gain- 
ing **hands-on" experience in actually 
utilizing this technology for a variety 
of business applications related to a 
dental practice. This article discusses 
an approach used by the University of 
Maryland for integrating computer 
literacy skills into the curriculum. 



FACILITIES 

One of the important inhibitors to the 
dental school's computer literacy 
efforts at the University of Maryland 
was the lack of microcomputer tech- 
nology for academic purposes. This 
dental school, noted as being the 'Tirst" 
established solely for the purpose of 
dental education in 1840, is located on 
a campus steeped with tradition where 
the territorial lines (budgetary and 
othawise) are well established There- 
fore, finding funds for acquisition of a 
sizable number of microcomputers 
strictly for use by dental students rep- 
resented a formidable problem. An 
inno\'ative approach to this dilemma 
was presented by the Associate Vice- 
Chancellor for Information Resources 
Management^Dr. Marion J. Ball. She 
offered to create a Technology Assisted 
Learning (TAL) Center equipped with 
slaie-of-the-an technology as long as 
the Dental School provided space for 
the lacility, made it available for sched- 
uled classes at least 55 percent of the 
time, and allowed students, faculty, and 
staff from other schools on campus to 
use the equipm^t when it was not 
scheduled. The time allocated for 
scheduling was for computer literacy 
courses or special discipline specific 
applications in support of the academic 
and research programs for the schools 
on campus. 

The Dean of the Dental School read- 
ily agreed, and the TAL Cent'^r was 
created. It was located in the same area 
as the school's learning resource center 
and included 21 microcomputers 
equipped with dual disk drives, 20Mb 
hard disk drives, color monitors, and 
dot-matrix printers. Special provisions 
made for teaching included a color, 
large-screen RGB/television projection 
system, dimmer controlled lights, and 
an audio system featuring a wireless 
microphone to enable the instructor to 
move freely around the room in order 
to observe student performance, offer 
assistance, or continue presenting 
information and stiH be heard. 



INTEGRATING COMPUTER USE 
INTO THE CURRICULUM 
The Dental School's Department of 
Oral Health Care Deliver (OHCD) is 
responsible for providing students with 
the business and management aspects 
of planning, organizing, staffing, and 
operatin^T a dental practice. The instal- 
lation of the TAL Center in the school 
was a welcome addition in general, 
aiid, in particular, for the department 
responsible for introducing students to 
che realities of operating a business. 
OHCD was quick to integrate the use 
of microcomputers into the curriculum 
beginning with 103 third year denial 
students. The following general objec- 
tives were to be achieved. 

1. Introducing students to micro- 
computer technology; 

2. Integrating management concepts 
using a microcomputer; and 

3. Developing computer litaacy skills 
in order to facilitate a student's 
ability to review and assess com- 
puterized dental office practice 
systems and software. 

Although the focus of the instruction 
was on the preparation of a business 
plan, students were expected to com- 
plete the assignments using a micro- 
computer. To prepare for the assign- 
ment, students received instruction in 
basic computer application, economics, 
marketing, accounting, and finance. A 
total of four hours of classroom in- 
struction were provided using the TAL 
Center. The first two hours concen- 
trated on computer hardware and soft- 
ware, and the last two focused on vol- 
untary small group seminars with 
hands-on experience. During the semi- 
nars, instruction focused on how to use 
spreadsheets to develop a financial pro- 
jection, how to use wordprocessing to 
prepare a resumd, and ultimately how 
to prepare a business plan. To simplify 
the instruction, an integral software 
package, ENABLE,^ was used. In pre- 
paring a resumS, students were askea to 
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set margins, fomat text, insert, copy 
and delete text, and save files. In using 
a sprealsheet, students were asked to 
establish rin«incial relationships by set- 
ting columns and rows using mathe- 
matical curators and functions. Both 
tasks required that students have a fun- 
damental understanding of MS-DOS 
including, but not limited to, many of 
the operating system capabilities to 
create, save, copy, and retrieve files. 

RESULTS AND DISCUSSION 
Upon completion of the coiu^, stu- 
dents were asked to fill out a question- 
naire to provide feedback on their ex- 
perience and to assist the department in 
planning this portion of the curriculum 
for the next group of students. Eighty- 
one percent of the students responded 



to the request and indicated that the 
assignment was effective, an)ropriate, 
and useful The results showed that 
over 74 percent of the students gained 
knowledge through working with the 
computer. This experience would not 
have been possible without the cooper- 
ation and resource sharing between the 
Information Resources Management 
Division and the Dental School. Since 
the installation of this facility, other 
schools on campus who were faced 
with a lack of resources have scheduled 
the TAL Center to meet their student 
and faculty computer literacy needs. 
For institutions faced with a similar set 
of circumstances, the results achieved 
at Maryland may be worth pursuing as 
a viable alternative fcrr bringing com- 
puter literacy in*o a computerless 



academic environment. 
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LETTER TO THE EDITOR: COMMENT ON PEER 
REVIEW OR PEER CRITIQUE OF SOFTWARE 



As an author and a user of educational 
software, I have long felt frustrated by 
two characterisitics of the computer- 
based education (CBE) Held* It h?s 
been difHcult to get and to disseminate 
information about teaching programs, 
and it has been dlfOcult to get the per 
sonal contributions of ndividuals eval- 
uated by their peers. Harold Modell*s 
lecent call for the establishment of a 
"peer critique" mechanism to operate 
through NRCLSE^ would thus seem to 
address issues that have had a wide- 
spread impact in the CBE community. 
However, a clearer understanding of 
these issues is required if we, as a com- 
munity, are to successfully resolve 
them. 

As an author of CBE software, I 
have woilced in relative isolation from 
even my colleagues in physiology. 
While I have had some c^portunity to 
discuss and demonstrate my software 
in public forums, I have not had the 



kind of vigorous (and rigorous) feed- 
back from my peers that is characteris- 
tic in the research sphere. 

As a user of CBE programs, I find 
that I know about only a small fraction 
of the potentially useful programs (and 
educational sq^proaches that they em- 
body) that others have written. Futher- 
more, my experience, and that of 
others, suggests that there is no com- 
prehensive source of such information. 

Finally, as an acod^mic/an whose 
professional activity lies in the reabn of 
CBE, I have a need for professional 
recognition and advancement (promo- 
tion) that is difHcult to get because too 
few people know of my work, and no 
one has ever evaluated it. 

Evaluation, however, is a complex 
issue, at least in part, because we are 
really talking a^ut evaluating two 
quite different things: (1) single pieces 
of teaching software, and (2) an indi- 
vidual's contribution to the field. 



As Dr. Modell has pointed out, eval- 
uation of software is an extremely dif- 
ficult task for both theoretical and prac- 
tical reasons. The use of computers in 
teaching continues to generate contro- 
versy about the appropriateness and 
effectiveness of this approach. Even if 
we accept its validity, we still must 
grapple with significant, as yet unset- 
tled, questions about the best form of 
CBE to most effectively attain partic- 
ular educational objectives. Until we 
know more about how to use the com- 
puter as a teaching/learning tool, it will 
be hard to answer the question "is it 
any good" in evaluating software. 

lYagmatically it is also difficult to 
evaluate programs. Reviewers must be 
qualiHed to comment on the scientific 
content, educational objectives and 
approach, most appropriate audience, 
and the effectiveness of the use of the 
computer medium. Finding two or 
three such individuals for each program 
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will be a daunting job, one made even 
more difficult by problems of program 
portability (for example, I may be qual- 
ified to review a program but may not 
have access to the necessary computer 
to do so). 

The following two key needs face the 
CBE community. 

1 . a need for wider dissemination of 
more comprehensive information 
about teaching software, and 

2. a need for some form of evaluation 
of our work, if not of our individ- 
ual pieces of software. 

Dr. Modeirs proposal, it seems to 
me, does not adequately come to grips 
with either of these needs. On the one 
hand, the difficulties of the process of 
"peer critiquing" software will limit the 
number of programs that will be evalu- 
ated. Thus, the comprehensiveness of 
the NRCLSE Newsletter as a source of 
information will be compromised. On 
tne other hand, the validity of such 
"peer critiques" will continue to be 
questioned until we know more about 
the appropriate criteria to apply. This 
will make "peer critiques" a poor vehi- 
cle for professional evaluation of an 
individual. 



Let me propose two alternative ap- 
proaches that I believe will meet the 
needs of the CBE community, ap- 
proaches that ought to be pursued 
simultaneously. 

NRCLSE, through Computers in Life 
Science Education, could perform a 
most valuable service as a central cata- 
log of available CBE software. What 
would be required is the regular pub- 
lishing of listings of programs available 
for distribuion along with adequate 
descriptive information to allow poten- 
tial 1 3ers to determine whether the pr^ > 
gram is of any interest to them. Wide 
dissemination of such information in a 
central forum would certainly facilitate 
the eventual feedback from one's peers 
that we are all seeking. 

Peer evaluation of our contribution to 
the CBE area could best be served by 
making available opportunities to pub- 
lish in the professional, peer-reviewed 
literature. This is, after all, the basic 
mechanism by which professional 
evaltation takes place in the research 
sphere. Currently, few if any of the 
physiology journals will accept papers 
dealing with educational issues of any 
kind, considering them not aH)ropriate 
for publication in a research journal. 
Efforts to persuade such journals, or 



the societies that sponsor them, that 
education ought to be a topic worthy of 
the kind of intellectual creativity ex- 
pected of research could make a signi- 
ficant difference. As an example, I 
would refer readers to the American 
Journal of Physics (published by the 
American Association of Physics 
Teachers) which each month contains 
scholarly peer-reviewed articles on a 
wide variety of topics relating to 
teaching. Citations to papers in such 
refereed journals would be of greater 
benefit to a CBE author in the life 
science area seeking promotion than 
software reviews, however well mean- 
ing they might be. 
TiiC issues that Dr. Modell and I have 
raised need to be moro widely debated 
if workable solutions to our problems 
are to be devised. 



REFERENCE 
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Joel A. Michael 
Department of Physiology 
Rush Medical College 
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EDITOR'S MOTE 

Dr. Michael has suggested an additional role for our Where's the Software? feature that we would like 
to pursue. To date, Where's the Software? has listed programs from vendor supplied information. We 
would like to expand this feature to include software and comments supplied by users. To do this, we 
need your help! If you have found software that has been helpful in your teaching efforts, please 
share the information with us. Send us the name of the program/package, the source of the progranV 
package, content area, the student population using the software, and a few comments indicating how 
you use the software and why you like the software. Mail this information to NRCLSE, Mail Stop 
RC-70, University of Washington, Seattie, WA 98195 or use our BITNET address (MODELL@ 
UWALOCKE) to send the information. 
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KEEPING ABREAST OF THE LITERATURE 



The following citati(His arc presented 
as part of a quarterly feature in CLSE 
designed to help readers become aware 
of current literature pertinent to com- 
puter applications in life science 
education. 
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Rankin JA el al: Information system 
linking a medical school with 
practitioners and hospitals. J Med 
Educ 62(4):336-343, 1987. 

Renshaw S el al: CAI has greatest 
potential for clinical simulations. Pa 
Nurse 42(5):8. 1987. 

Rivers RH et al: Computer simulations 
to stimulate scientific problem 
solving. J Research in Science 
Teaching 24(5):403415, 1987. 

SizemoreMHetal: CAI promotes 
nursing student mastery of health 
history taking. J Comput Basf^d 
Instr 14(2):62-67, 1987. 

Stevens AL: The next generation of 
Al-based teaching systems. 
Machine-Mediated Learning 
l(4):3i 3-326, 1986. 

Streibel Metal: MENDEL: an 
intelligent computer tutoring system 
for genetics problem-solving, 
conjecturing, and understanding. 
Machine-Mediated Learning 2(1- 
2):129-159, 1987. 

Sybout: W: Optical disc technology. 
Videodisc technology: anationsd 
plan for its use in education. 
Technol Horizons Educ 14(8):47- 
48, 1987. 

Taylor M: The implementation and 
evaluation of a computer simulation 



^ (r742.3233/«7/$0.00 ♦ZOO ^ ^ 9»7 BY NATIONAL RESOURCE FOR COMPUTERS IN UFE SCIENCE EDUCATION 



337 



94 



COMPUTERS IN UFE SCIENCE EDUCATION. VOLUME 4. NUMBER 12. DECEMBER 1987 



game in a university course. J Exptl 
Educ 55(2):108-115, 1987. 

Thompson EC: Compulcr-assisied 
instruction in curricula of physical 
therapist assistants. Physical 
Therapy 67(8): 1237- 1239, 1987. 

TritzGJ: Computer modeling of 
microbiological experiments in the 
teaching laboratory: animation 
techniques. JCompMathSci 



Teach 6(2):44^8, 1986-1987. 

Wenzel A et al: Computer-'issislcd 
instruction for intraoral radiography. 
Partm. Evaluation of time- 
consumption. Dentomaxillofac 
Radiol 15(2):73-77, 1985. 

Wenzel A el al: Retention after 
computer-assisted instruction in 
intraoral radiography. J Dent Educ 
51(5):244.245. 1987. 



Wheeler DL: Artificial-intelligence 
researchers develop electronic 
* tutors' to aid learning process. 
Chronicle of Higher Education 
33(36):6-8, 1987. 

Winn W: Instructional design and 
intelligent systems: shifts in the 
designer's decision-making role. 
Instructional Science 16(l):59-77. 
1987. 



COMPUTERS IN LIFE SCIENCE EDUCATION, 
VOLUME 4 INDEX 



analog-digital conversion, 4:28-30 
anatomy, 7:54-56, 9:65-68 
animal behavior data simulation, 8:61 
animations, 10:73-76 

biology, 8:60-63 
Bulletin Board, 10:78 

Can You Help? 4:31 
CardellA, 10:73-76,11:85 
cardiovascular physiology, 4:28, 

7:49-53, 7:54-55, 10:73-76 
colleague directory, 1:1-8, 2:15 
communication system, 3:17-20 
computer animations, 10:73-76 
computer-assisted instruction, 9:65- 

68, 11:81-84 
computer literacy 12:89-91 
Craig JF, 12:89-91 

database, 7:54-56 

data simulations, 8:60-63 

dental education, 11:81-84, 12:89-91 

dental treatment planning, 11:81-84 

Discourse, 3:17-20 

electronic blackboard, 5:33-35 
ecology, systems, 2:9-12, 8:61 
EckbladJW, 8:60-63 
erratum, 11:85 

Filevision, 7:54-56 
Fine JS, 2: 12-15 
Ford RT. 11:81-84 

Giles RH,Jr 2:9-12 
Gordon A, 5:33-35 
GordcHiM, 10:73-76,11:85 
graphics oriented database, 7:54-56 



group instruction, 3:17-20, 5:33-35, 
10:73-76 

Harris M, 10:73-76,11:85 
Heckman J, 8:57-60, 10:73-76, 11:85 
hematology vicfcodisc, 2:12-15 

interactive videodisc, 2:12-15, 9:65-68 

Jensh RP, 9:65-68 

Kastella K, 5:33-35 
Keeping Abreast of the Literature, 
3:23.6:47, 9:69-71,12:93-94 
Knoll KR, 10:76-77 

laboratory ex^cises, 4:25-30, 7:49-' >, 

8:57-60, 8:60-63 
languages, 2:14 3:20-22 
laser optical videodisc, 2:12-14 
learning center 12:89-91 
lecture setting, 10:73-78 
liquid crvstal display projectors, 

10:76-77 

Macintosh, 7:54-56 
Manski R, 12:89-91 
medical education, 2:12-15, 9:65-68 
Michael, JA, 12:91-92 
microbiology, < '28 
ModeU -41, 4:25-30, 9:68-69 
muscle physiology, 8:57-60, 10:73-76. 
11:85 

NRCLSE questionnaire. 11:87 
nuclear medicine. 4:26-27 
nursing skills simulation 4:26-27 

pathology, 2:12-15. 9:65-68 



peer critique. 9:68-69. 12:91-92 
peer review. 9:68-®. 12:91-92 
physiology. 4:27-30. 7:49-53. 7:54-56. 

8:57-60. 8:61. 10:73-76 
PILOT. 3:20-22 
PRODUCER, 2:14 

projecting computer images, 10:76-77 

respiratory physiology, 4:28 
Robinson SL, 3:17-20 
Rothe C, 7:49-53 

simulations. 4:25-30. 7:49-53. 8:57-60. 
8:60-63 

software evaluation. 9:68-69. 12:91-92 
student laboratories. 4:25-30. 7:49-53. 

8:57-60. 8:60-63 
StuU RE. 10:76-77 
SuperPILOT. 2:14 3:20-22 
systems ecology. 2:9-12 

teaching at a remote site. 5:33-35 
teleconferencing, 5:33-35 
Townsend D. 11:81-84 

video workstation. 9:65-68 
videodisc 

development 2:13-14 

hardware selection 2:14. 9:65-68 

language selection 2:14 

Wang M. 8:57-60. 10:73-76. 11:85 
Westmorland N. 7:54-56 
Where's the Software? 5:36-39. 

6:4M5 
wildlife management. 2:9-12 

Yoder ME. 3:20-22 



© 1987 BY NATIONAL RESOURCE FOR COMPUTERS IN UFE SCIENCE EDUCATION 0742.3233/57/10 00 + zoo 
> 

c 



338 



95 



COMPUTERS IN UFE SCIENCE EDUCATION. VOLUME 4. NUMBER 12, DECEMBER 1987 



MACINTOSH VERSION NOW AVAILABLE. . . 



SIMULATIONS IN PHYSIOLOGY 

- The Respiratory System - 

Harold I. Modell,Ph.D. 

School of Medicine, University of Washington, Seattle, 



' Series of 12 Simulations in Respiratory 
Physiology 

> 111 Page Laboratory Manual 

' Designed for use in student laboratory and 
group discussion environments 

' Pictorial outputs designed to provide 
conceptual aid, show where variable values 
are measured, or illustrate the model and 
how it is solved 

' Tabular outputs allow comparison of data 
from up to 7 'experiments* 

Available for Apple II, IBM-PC (MS-DOS) 
compatible, and Macintosh (requires 
Microsoft BASIC) computers 

' Purchase includes permission to make enough 
copies to supply appropriate student 
populations 



ORDERING INFORMATION 

Computer Programs* 

12 Simulations written in BASIC 
Documentation 

One copy of student laboratory manual 



.$100 



*IBM-PC version uses CGA graphics 
Macintosh version requires Microsoft BASIC 



Student Laboratory Manuals 

Quantities of 1-25 .... $10 each 
Additional copies .... $8.50 each 



Address orders to- 



NRCLSE 

Mail Stop RC-70 

Ur 'vCTsity of Washington 

SeatUe, WA 98195 

Be sure to indicate which version you need! 



PROGRAM OVERVIEW 


lillfi 


Material covered 


MECHANICS 


Static Relationships 


Elastic properties of the lung* chest wall» and 
total respiratory system 


Dynamic Relationships I 


Effects of lung compliance and airway 
resistance on tidal volume development 


Work of Breathing 


Oxygen cost of elastic, resistive, and total 
work during inspiration 


Dynamic Relationships II 


Respiratory dynamics of the total respiratory 
system 


GENERAL GAS EXCHANGE 


Alveolar Gas Exchange 


Gas exchange between the atmosphere and 
alveolar reser/oir 


Oj and CO^ Dissociation 
Curves 


Interrelationships between the 0^ and CO^ 
dissociation curves 


Exchange from Atmosphere to 
Tissues 


Influence of alveolar ventilation, cardiac 
output, and anatomic shunt flow on arterial 
blood composition and gas exchange at the 
tissue. 


Chemoreguiation of Respiration Influence of chcmorcceptor sensitivity and 

respiratory mechanics on 0^ and CO^ 
response curves 

V^/Q RELATIONSHIPS 


Gas Exchange in a Single 
Alveolus 


Effects ot ventilation-perfusion ratio and 
inspired gas composition on exchange in a 
single exchange unit 


The Non-Uniform Lung 


Gas exchange from atmosphere to tissues 
with V^/Q mismatching in the lung 


Overall Gas Exchange 


Gas exchange from atmosphere to tissues 
with V^/Q mismatching and a true shunl 


AQD-BASE 


BALANCE 


Acid-Base Balance: Fundamen- 
tal Relationships 


Acid-Base balance from a Base Excess 
viewpoint 
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AIMS AND SCOPE The goal of Computers in Life Science Education is to provide a means of comnwnicalion 
among life science educators who anticipate or arc currently employmg the computer as an 
educational tool. The range of content includes, but is not limited to. articles focusing on 
computer applications and their underlying philosophy, reports on faculty/student 
experiences with computers in teaching environments, and software/hardware reviews in 
both basic science and clinical education saltings. 



ES'VITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education arc invited for 

possible publication in the newsletter. 

PREPARATION AND SUBMISSION OF MiVTERIAL 

Articles submitted for publication should not exceed 2000 words and should be typewritten, 
double spaced, with wide margins. The original and two copies including two sets of figures 
and tables should be sent to the Editor: Dr. Harold ModeU. NRCLSE. Mail Stop RC-70. 
University of Washington, Seattle. WA 98195. 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

DIustrations should be submitted as original drawings in India ink or shaip. unmounted 
photographs on glossy paper. The lettering should be such that it can be legible after 
reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
described in the Council of Biology Editors Style Manual. References should be listed in 
alphabetical order by the first author's last name, numbered consecutively, and cited in the 
text by these numbors. 

RESPONSIBILITY AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All 
authors submitting manuscripts will be sent a copyright transfer form to complete. The 
completed form must be returned before the work will be published. 



SUBSCRIPTION INFORMATION Computers in Life Science Education i * published monthly by Nalior il Resource for 

Compmters in Life Science Education, Mail Stop RC-70, University of Washington, Seattle, 
WA 98195. Subscription rate is $30.00 for 12 issues, including postage and handling in the 
United Stales and Canada. Add $20.00 for postage (airmail) in Mexico aiid Europe and 
S23.00 for the rest of the worid. 

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is 
given for copying of articles for personal or internal use, or for the personal or internal use of 
specific clients. This consent is given on the condition that the copier pay through the Center 
the pcr-copy fee stated in the code on the first page for copying beyond that pemiittcd by the 
US Copyright Law. If no code ^jpears on an article, the author has not given broad consent 
to copy and perrrJssion to copy must be obtained directly from the author. This consent docs 
not extend to other kinds of copying, such as for general distribution, resale, advertising and 
promotional purposes, or for creating new collective works. 

Address orders, changes of address, and claims for missing issues to NRCLSE, Mail Stop 
RC-70, Univenity of Washington, Seattle, W A 98195. Claims for missing issues can be 
honored only up to three months for domestic addresses and six months for foreign 
addresses. Duplicate copies will not be sent to replace ones imdelivered due to failure to 
notify NRCLSE of change of address. 



Address editorial correspondence to Harold I. Modell, PhD, NRCLSE, Mail Stop RC-70, 
University of Washington, Seattle, WA 98195. (BITNET MOD£LL@UWALOCKE) 

POSTMASTER: Send address changes to Computers in Life Science Education, NRCLSE, 
Mail Stop RC-70, University of Washington, Seattle, WA 98195. 
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